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This dissertation aims to explore a variety of responses in the form of unhealthy behaviors as a 
consequence of different sudden events perceived by individuals. The first one is the doubtlessly 
pure exogenous shock caused by an unexpected terrorist attack, Boston Marathon Bombings. The 
second one is the turmoil caused by the Great Recession of 2008, which is the most serious 
economic downturn since the Great Depression during the 1930’s. This dissertation consists of the 
following two chapters:  
  
Chapter 1: “The Impact of Terrorism on Mental Health and Substance Use: Evidence from 
the Boston Marathon Bombings” On April 15, 2013, two bombs exploded near the finish line of 
the Boston Marathon, killing three spectators and wounding more than 260 people. This event 
triggered a four-day manhunt in Boston metropolitan area that resulted in substantial media 
attention. This terrorist attack may have caused deteriorations in mental health and increases in 
substance use, both for individuals residing in directly-impacted areas and for individuals living 
in those areas potentially at-risk for future attacks. This study analyzes the effect of the Boston 
Marathon Bombing on mental health, smoking, and binge drinking using Difference-in-Difference 
methodology and Behavioral Risk Factor Surveillance data. I study how individuals residing in 
urban counties of Massachusetts and neighboring states were differentially affected by the 
bombings compared to rural areas and other non-New England states. The results suggest that this 
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terrorist attack increased the number of perceived poor mental days 0.796 (21% of the mean) 
immediately after and the number of binge drinking episodes by 3.065 (74% of the mean) between 
two and four months after the terror attack. Additionally, Boston Marathon Bombings increased 
the likelihood of becoming a current smoker by 0.051 (16% of the mean) and the probability of 
binge drinking by 0.036 (24% of the mean). Overall, the terror attack perpetrated in Boston 
contributed to 20 extra million days of poor mental health and 76 million of extra binge drinking 
episodes in Massachusetts and neighboring states. Additionally, 1.3 extra million individuals 
might have become current smokers after the terrorist attack. 
Chapter 2: “Identifying the Effects of the Great Recession on Alcohol Consumption and 
Smoking Behavior in the United States: Evidence from Housing Shocks” I investigate the 
effect of the Great Recession in the United States on several measures alcohol consumption and 
smoking behaviors using nationally representative Behavioral Risk Factor Surveillance System 
(BRFSS) data covering the period 2006-2012. Important confounding factors, such as 
demographic profile, household income, and employment status are also included in the analysis. 
In order to capture the effect of the recession, I use data on foreclosure rates, and median home 
prices and their fluctuations, obtained from Zillow Data Services, a private real estate enterprise. 
The variation in housing variables provides a plausibly exogenous shock to individuals’ stress-
induced decisions on alcohol consumption and smoking behavior. I also control for county-level 
characteristics that may potentially influence the outcome variables, such as taxes on beer and 
tobacco, State Smoke-free laws, the number Substance Abuse Centers in a county, and some 
measures of population density, income and college ratio at the county-level obtained from Census 
data. Results from the empirical models suggest that weaker economic conditions (measured as 
higher foreclosure rates or higher price depreciations) are associated with higher chances of 
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currently drinking or being a binge drinker, and a substantial increase in the number of binge 
drinking episodes. Additionally, the likelihoods of being a current smoker and an every-days 
smoker are also positively related with foreclosure rates. However, if the worsened economic 
conditions are measured by an increase in the depreciation of house prices (ZHVI and median 
price) instead, the Great Recession leads to a decrease in the probabilities of being a current 
drinker, a binge drinker, a chronic drinker, a current smoker, and a decrease in the number of days 
in which in which the respondent has had at least one alcoholic drink, as well as, a decrease in the 
number of binge drinking episodes. These results seem to mainly be driven by females when a 
gender analysis is conducted. The empirical analysis is also extended to investigate the ownership 
status but no clear pattern is found. The opposing results obtained depending on the measure of 
economic conditions employed might contribute to generate more controversial to the existing 
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1 The Impact of Terrorism on Mental Health and Substance Use: 
Evidence from the Boston Marathon Bombings  
 
1.1 Introduction  
 
Terrorism is a major concern in today’s world and one of the main challenges to global 
security. Terrorist attacks are now claiming visibility in the news headlines in many world regions. 
September 11, 2001 coordinated terrorist attacks on New York City, Arlington County (Virginia), 
and Shanksville (Pennsylvania) claimed the instant lives of 2,996 people and caused at least $10 
billion in property and infrastructure damage. This fateful event also marked the beginning of a 
new era of worldwide terror with many casualties and significant economic damage1. Since then, 
other countries have also been target of terror attacks: England2, Germany3, France4, Belgium5, 
Spain6, and Israel7 
According to the Institute for Economics and Peace, the number of lives lost due to terrorism 
increased 61 percent and the number of countries experiencing 50 or more terrorist-related deaths 
increased 60 percent year over year.  
The city of Boston was struck by an act of terrorism. On April 15, 2013, two bombs exploded 
near the finish line of the Boston Marathon, killing three spectators and wounding more than 260 
people. Investigators concluded that the terrorist attack was planned and conducted by two 
brothers, originally from the former Soviet Republic of Kyrgyzstan, who were already residing in 
                                                          
1 “How much did September 11 Terrorist Attack Cost America?” Institute for Analysis of Global Security (2004)  
2 7/7 Central London bombings: 52 people were killed on July 7, 2005, 2017 Westminster attack: 5 people were 
killed on March 22, 2017, 2017 Manchester Arena Bombing: 22 people were killed on May 22, 2017  
3 2016 Berlin Attack: 12 people were killed on December 16, 2016  
4 2015 Paris Attacks: 130 people were killed on November 13-14, 2015, Nice Vehicle ramming 86 people were 
killed on July 14, 2016  
5 2016 Brussels bombings 35 people were killed on March 22, 2016 
6 2004 Train bombings in Madrid: 192 people were killed on March 11, 2004 and 2017 Barcelona attacks: 13 
people killed.  
7 Since September 2000, over 1,200 Israelis have been killed.  
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the United States for about a decade.  
Civilians are the prime targets of the horrors of terrorism, which may create mass traumas. 
Traumatic events and exposure to disasters have profound effects on mental health, including post-
traumatic stress disorders (PSTD) and substance abuse. The Boston Marathon Bombings (BMB) 
may have increased perceived background risk for individuals with reason to believe they may be 
subject to a future terrorist attack. This associated risk might be reflected in deteriorated mental 
health, as individuals feel more vulnerable. Consequently, smoking and alcohol consumption may 
increase as well, either because reduced longevity expectations diminish short-term costs of 
substance use, or due to an attempt to self-medicate diminished mental health (Pesko and Baum, 
2016). 
The present study identifies the effect of the BMB on mental health and the consequent demand 
for substance use and exploits the terrorist attack in Boston as a source of exogenous variation in 
perceived background risk.  I use an event study difference-in-difference-in-difference (DDD) 
analysis to compare outcome measures in 60-day intervals before and after BMB for individuals 
residing in urban counties of Massachusetts and neighboring states with individuals residing in 
urban counties of other states (control group). I estimate the increase in outcomes controlling for 
socio-demographic characteristics and time-varying and policy characteristics8 that could 
potentially change around the time of the BMB and be correlated with the outcomes (e.g. cigarette 
taxes and smoke-air restriction laws). I find evidence of parallel trend9 in the pre-period, which 
assists in providing causal interpretation to my results. Further, based upon observable 
characteristics, the data is balanced before and after the event took place.  
                                                          
8 Time and State fixed effects are redundant with the four interaction terms added to the equation, which include 
a treatment variable, a post-period variable, and a urban variable.   
9 When the triple difference model is considered.  
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Ceteris paribus, in urban areas of Massachusetts and neighboring states, Boston Marathon 
bombings were associated with an increase in the number of poor mental health days by 0.796 
(20% of the mean), an increase in the likelihood of becoming a current smoker by 5.1 percent 
(16% of the mean), an increase in the probability of becoming a binge drinker by 3 percent (20% 
of the mean), and an increase in the number of binge drinking episodes by 3.065 (75% of the 
mean).  
The remainder of this chapter is organized as follows: Section 2 reviews the literature 
background, Section 3 describes the data, Section 4 articulates the empirical strategy, Section 5 
presents the results and shows evidence of causality, and Section 6 concludes.  
 
1.2 Literature Background  
 
When a disaster strikes, perceived background risks can change and generate secondary social 
and economic consequences. Some relevant literature to the present study relates to the mental and 
physical health response of individuals directly impacted by large-scale natural disasters 
(hurricanes, earthquakes, tsunamis, etc.). Using longitudinal data, Smith (2008) found that 
longevity expectations declined for older adults in Dade County due to a direct hit from hurricane 
Andrew (1992). Currie and Rosin-Slater (2013) used vital records data to explore the impact of 
exposures to hurricanes during pregnancy on the probability of stress-related abnormal birth 
conditions. Stress was found to be a residual explanation for some abnormal birth outcomes after 
accounting for migration, changes in medical care, and changes in maternal behavior, such as 
smoking, weight gain, and prenatal care. Pesko (2018) found causal evidence that hurricane 
Katrina increased poor mental health days by 8.8% during three months after the hurricane, and 
increased smoking by 10% for nine months. His estimates also suggest that 1.1 million extra 
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individuals smoked and individuals experienced a total of 39 million extra days of poor mental 
health.  
A terrorist attack entails an emotional impact of large-scale damage and loss of life. Using 
longitudinal data, Camacho (2008) showed a causal relationship between terrorism-provoked 
stress in Colombia and lower birth weights of newborns whose mothers lived a near terrorist attack 
during the first trimester of pregnancy. Increased background risk perception intensifies negative 
emotions and unhealthy behaviors as self-medication mechanism. Individuals may attempt to self-
medicate negative emotions from perceived background risk increases throughout the use of 
substances (Pesko and Baum, 2016). Using a Regression Discontinuity and Difference-in-
Difference analyses, Pesko (2014) explores the effects of the Oklahoma City bombing and 9/11 
terrorist attacks on stress, smoking habits, and smoking quit attempts. This study goes beyond the 
already supported findings that terrorism is associated with an increase in smoking (Wu et al., 
2006; Vlahov et al., 2004) and provides causal evidence of an increase in substance use at the 
national level.  
Holman et al. (2013) compares the impact of media versus direct exposure on acute stress 
response to collective trauma, by conducting an Internet-based survey following the Boston 
Marathon bombings. Their findings suggest that six or more daily hours of bombing-related media 
exposure in the week after the bombings was associated with higher acute stress than direct 
exposure to the bombings.  
The bombings at the 2013 Boston Marathon were the first major attacks on the United States 
soil since September 11, 2001. As in 9/11 attacks, the United States population was the terrorists’ 
intended psychological target. Clark and Stancanelli (2016) consider the effects of the Boston 
Marathon bombings on Americans well-being and time allocation using American Time Use 
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Survey data and a Regression-Discontinuity design. They found that the bombings led to a 
significant and large drop of 1.5 points in well-being (on a scale of one to six) for residents of the 
states close to Massachusetts. To the best of my knowledge, my study is the first that attempts to 
explore the effects of an exogenous increase in perceived background risks from the Boston 
Marathon bombings on mental health, smoking, and binge drinking using Behavioral Risk Factor 
Surveillance extensive data. The present study exploits the terrorist event as a source of an 
exogenous variation in the determination of the causal impact of poor mental health on substance 
use.  
 
1.3 Data Description  
 
This study uses the largest survey in the world: Behavioral Risk Factor Surveillance System 
(BRFSS) and covers the period 2001-2013 for all states in the continental United States and 
Washington D.C. BRFSS data on risky personal health behaviors are collected by the State health 
departments and the Centers for Disease Control and Prevention (CDC) via landline telephone and 
cell-phone surveys of individuals aged 18 years and older. The data are nation- and state-
representative of the non-institutionalized adult population. Interview date (day and month) and 
state information are contained in such data, as well as a variety of socio-demographic 
characteristics including gender, race/ethnicity, age, education, employment/labor force 
participation, marital status, and income. 
       The dataset contains 1,131,238 observations. The number of individuals surveyed in 2011, 
2012, and 2013 were respectively 419,549, 364,276, and 347,413. Table 1.1 reports population 








  Deviation  
BRFSS Controls    
Male (%) 48.75 - 
White Non-Hispanic (%) 65.00 - 
Black Non-Hispanic (%) 11.63 - 
Hispanic (%) 14.71 - 
Age 46.80 17.82 
College (%) 25.34 - 
Unemployed (%) 8.71 - 
Student (%) 6.03 - 
Married (%) 50.46 - 
Real Household Income (dollars) 45,405 27,361 
BRFSS (Dependent variables)    
Poor mental health (days) 3.85 - 
Every-day smoker (%) 12.95 - 
Some-day smoker (%) 5.35 - 
Former smoker (%) 23.94 - 
Never smoker (%) 55.70 - 
Binge drinker (%) 15.30 - 
Binge drinking episodes  4.12 2.70 
Merged-outside data    
Smoke-free air law index (scale 0-6) 3.90 2.08 
Excise tax per pack of cigarettes (dollars)  1.43 1.00 
Beer price (per ounce)  0.07 0.01 
State-level unemployment rate (%) 8.18 - 
Source: BRFSS Landline analytic file    
N=1,131,238 obs.    
All prices are expressed in 2011 dollars   
 
Dependent variables:  
a) Mental Health: Survey respondents are asked a standard question of recent emotional and 
mental distress: “Now thinking about your mental health, which includes stress, 
depression, and problems with emotions, for how many days during the past 30 days was 
your mental health not good?” The question was phrased to minimize non-reporting of the 
sensitive area of mental health. In the survey period investigated, the rate of response was 
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98%. These data are heavily rightward skewed, with 67.2% of individuals reporting having 
0 days of stress and only 5.3% reporting having 30 days of stress. The remaining 27.5% 
report integer values between 1 and 29. The average number of stressful days per month 
was 3.85. I refer to this variable as “poor mental health” throughout10. 
 
b) Smoking: The survey asks the following two questions on cigarette use: [1] “Have you 
smoked at least 100 cigarettes in your entire life?” If individuals answer this affirmatively, 
then they are asked: [2] “Do you now smoke cigarettes every day, some days, or not at 
all?” Responses can be used to identify if individuals are [1] every-day smokers, [2] some-
day smokers, [3] former smokers, [4] never-smokers. In the sample, 18.3% of individuals 
smoked (either some day or every day), 23.9% were former smokers, and 55.7% had never 
smoked in their lives. The smoking definition I use consists of current smoking among 
former smokers (excluding the never smokers from the analysis) 11 The average percent of 
current smokers for the sample was 32.08. 
c) Binge drinking: The survey asked the question: “Considering all types of alcoholic 
beverages, how many times during the past 30 days did you have 5 or more drinks on one 
occasion?” The answer to this questions is categorized in three different ways. It will be 
assigned a value of 1 if the person had at least one episode of binge drinking during the 
past 30 days and 0 otherwise (extensive margin). The second is the number of binge 
drinking episodes over the past 30 days (intensive margin). The third option is the total 
margin (a combination of extensive and intensive margins), which is the intensive margin 
                                                          
10 This was the most consistently collected question on mental health throughout our study period. It was a 
mandatory question for all of the years used in this analysis.  
11 Intense margin cigarette use is not provided in the BRFSS surveys.  
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setting non-binge drinkers at 0. The percentage of individuals that had at least one binge 
drinking episode was 15.3% and the average number of binge drinking episodes per binge 
drinker was 4.12. 
 
Set of Controls  
 
       The BRFSS survey collected socio-demographic information for all respondents, which was 
used to construct indicator variables for gender, race/ethnicity, education attainment, marital 
status, and employment status. The survey provided household income information as a categorical 
variable and this income information was converted into a continuous variable using the median 
for each of the categories. Similarly, age was used as a continuous variable and the missing values 
were replaced by the age mean. The analysis also linearly imputed missing incomes and 
constructed a binary indicator for the top income category. 
        This analysis additionally controls for the cost of smoking using state-level cigarette excise 
taxes12 from the State Tobacco Activities Tracking and Evaluation (STATE) System maintained 
by the CDC (Centers for Disease Control and Prevention). I also included state-level cigarette 
indoor use restrictions for restaurants, workplaces, and bars (smoke-free air law strength data13). 
Additional merged data includes monthly-state level unemployment rate14 used to account for 
spillover effects of unemployment beyond individual-level employment status, and Consumer 
                                                          
12 Excise Tax Rates on Packs of Cigarettes. This data set was matched to the BRFSS data by state and year so that 
cigarette prices could be controlled for in the regression analysis. I also subtracted changes occurring during the 
year for individuals completing the survey before the tax change came into effect. The data can be accessed at: 
https://chronicdata.cdc.gov/Legislation/Graph-of-Excise-Taxes-on-Cigarettes-CDC-STATE-Syst/w6a4-t89n  
13 Smoke-free Indoor Air Private Worksites, Restaurant, and Bars. This data was categorized according to the 
degree of strength: None or No provision equals 0, Designated Areas and Separate Ventilated Areas equals 1, and 
Banned equals 2. By adding the degree of strength for the three areas, I generated an Indoor Restriction Index that 
ranges from 0 to 6, being 6 the most restrictive.  




Price Index15. Month-by-state beer prices (per ounce), inclusive of taxes, were obtained from 
Nielsen16 retail data.  
     Detailed descriptive statistics relative to the set of controls, dependent variables, and merged 
outside data can be found in the aforementioned Table 1.1. 
 
1.4 Econometric Framework  
 
I examine the effect of the Boston Marathon Bombings on mental health and substance use 
on the directly impacted state (Massachusetts) and neighboring states (Rhode Island, Connecticut, 
New York, Vermont, New Hampshire). Changes in Massachusetts from the BMB may reflect 
changes in both perceived background risk or time use changes from being “locked-in”, whereas 
changes in neighboring states alone should reflect strictly changes in perceived background risk.  
I test the hypothesis that BMB led to stress and substance use increases in Massachusetts and 
neighboring states urban areas. I separately estimate the amount of stress and binge drinking 
episodes, or the probability that an individual smokes or binge drinks as a function of individual-
level set of controls, year-by-month and state indicators, and time-varying and policy 
characteristics that could affect the outcomes. I include cigarette taxes and smoke-air restriction 
law in the smoking models, and beer prices in the binge drinking models. The baseline model 
consists of a regular difference-in-difference (DD) regression with state and year-by-month fixed 
                                                          
15 Bureau of Labor Statistics (BLS). All Urban Consumers (Current Series). U.S. All Items, 1982-84=100 to adjust 
monetary data for inflation. https://www.bls.gov/cpi/data.htm  
16 I use all available prices in the Nielsen data (from the Kilts Center at the University of Chicago) to construct this 
month-by-state beer price average. Data from approximately 35,000 participating grocery, drug-mass 
merchandiser, and other stores are included in the Nielsen retail data system, and each individual store reports 
weekly data for every UPC code that had any sales volume during the week. According to Nielsen documentation, 
as of year-end 2011, the amount of commodity volume captured by each store was 53% for food stores, 55% for 
drug stores, 32% for mass merchandise, 1% for liquor, and 2% for convenience store. Excise taxes and retailer 
coupons are factored into the price but manufacturers coupons are not.  
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effects and is specified as follows: 
𝑦𝑖𝑠𝑡 = 𝛼 + 𝑋𝑖𝛽1 + 𝛽2𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑠𝑡 + 𝛽3(𝑡𝑟𝑒𝑎𝑡𝑠 ∗ 𝑝𝑜𝑠𝑡𝑡) + 𝑠 + 𝜆𝑡 + 𝑡𝑟𝑒𝑎𝑡𝑠 ∗ 𝜆𝑡 +
𝑖𝑠𝑡     (1)  
     
      𝑦𝑖𝑠𝑡 is one of the five outcomes previously specified (one mental health model, one smoking 
model, and three binge drinking models). It is either equal to 1 if individual 𝑖 living in state 𝑠 at 
time 𝑡 has smoked or binge drank in the past 30 days, or is equal to the number of poor mental 
health days or the number of binge drinking episodes over the past 30 days17. 𝑋𝑖 is the set of 
controls for socio-demographic characteristics at the individual level: gender, race/ethnicity, 
household income, age, educational attainment, marital status, and employment status. Squared 
household income and age terms are also included in the specification to account for any 
nonlinearity. The term 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑠𝑡 represents the environmental characteristics: [1] state-level 
unemployment rate (all models), [2] smoke-air free laws (smoking and binge drinking models 
only), [3] excise tax rates on cigarettes (smoking model only), [4] beer prices (binge-drinking 
models only). 𝑠 is the state-fixed effects, 𝜆𝑡 is the year-by-month fixed effects and the term 
𝑡𝑟𝑒𝑎𝑡𝑠 ∗ 𝜆𝑡 contain the linear time trends for both the treatment and control regions.  
The state and year-by-month fixed effects are included to exploit variations from the BMB 
event independent of state-level, time-invariant unobservable characteristics, and unobservable 
characteristics unique to a specific month in a given year. For example, anti-smoking sentiment 
and non-changing population characteristics unique to a particular state from 2011 to 2013 is 
controlled by the inclusion of a state fixed effects. The seasonality in the consumption of alcohol 
and tobacco is controlled for by the inclusion of a year-by-month fixed effects. 𝑡𝑟𝑒𝑎𝑡𝑠 is a 
                                                          
17 The outcomes are analyzed separately.  
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dichotomous variable that takes on the value of 1 for the treatment group and 0 for the control 
group.  𝑝𝑜𝑠𝑡𝑡 is a categorical variable that contains eleven values: (0: from January 1, 2011 through 
April 20, 2012, 118: between 360 and 301 days prior to BMB, 219: between 300 and 241 days prior 
to BMB, 320: between 240 and 181 days prior to BMB, 421: between 180 and 121 days prior to 
BMB, 522: between 120 and 61 days prior to BMB, 623: between 60 and 1 days prior to BMB, 724: 
between 15 to 75 days after BMB, 825: between 76 and 135 days after BMB, 926: between 136 and 
195 days after BMB, 1027: after 196 days BMB throughout 2013). By using the variable 𝑝𝑜𝑠𝑡𝑡 
define din 60-day intervals before and after the BMB, an event study that tests the parallel trends 
assumption empirically in the pre-period and the heterogeneity in effects in the post-BMB period 
can be performed.  The coefficient of interest in this model is 𝛽3. The described specification 
allows me to exploit variation in outcomes within each state and remove seasonal considerations 
in the outcome variables.  
I use three treatment-group definitions to address the causal effects of the BMB event on stress 
and substance use. Option A uses Massachusetts alone as treatment group. Option B28 includes 
Massachusetts and its neighboring states in the treatment group. Option C29 includes the 
neighboring states but excludes Massachusetts from the treatment group. Option A30 uses states 
sharing a border with Massachusetts (but excluding Massachusetts itself) as treatment group and 
                                                          
18 April 21st – June 19th, 2012 
19 June 20th – August 18th, 2012 
20 August 19th – October 17th, 2012  
21 October 18th – December 16th, 2012  
22 December 17th, 2012 – February 14th, 2013  
23 February 15th – April 14th, 2013  
24 April 30th – June 29th, 2013  
25 June 30th – August 28th, 2013  
26 August 29th – October 27th, 2013  
27 October 28 – December 31st, 2013  
28 Treatment group: Massachusetts, Rhode Island, Connecticut, New York, Vermont, New Hampshire.  
29 Treatment group: Rhode Island, Connecticut, New York, Vermont, New Hampshire.  
30 Treatment group: Rhode Island, Connecticut, New York, Vermont, and New Hampshire.   
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the remaining states in the U.S. as control group31. The rationale behind this treatment-group 
classification is that in Massachusetts, following the BMB, individuals’ time use may have 
changed because of various lock-downs as police were searching for the terrorists. Being locked-
down reduces the time costs of drinking, therefore, this locked-in effect could confound the desired 
perceived risk effect. However, given that there were no mandatory lock-downs in Connecticut, 
Rhode Island, New York, Vermont, and New Hampshire, if an increase in binge drinking is still 
observed in those states, then it seems to be a purely perceived risk effect rather than a combination 
of a change in time use effect and a perceived risk effect. 
The presence of non-parallel trends is detected for several outcomes using the (double 
difference) DD32 model. This suggests the existence of an uncontrolled time varying variable in 
the pre-BMB period that is differentially influencing the treatment or control group, and which 
could potentially bias the estimated effect of the BMB using a DD model. One plausible approach 
that has been used to correct this problem is to find a third difference that returns trends in the pre-
BMB period to parallel. The baseline model is modified by including a rural/urban status term in 
the interaction term33 based on the heterogeneous effect that BMB might have had on residents in 
rural and urban areas; more precisely, individuals living in rural areas arguably had less fear from 
terrorism than those living in urban areas. This can be addressed by using a Difference-in-
Difference-in-Difference (DDD) model, where the interaction term now contains three variables: 
treat, post, urban. The coefficient of interest is 𝛽3. The model specification is as follows
34:  
𝑦𝑖𝑠𝑡 = 𝛼 + 𝑋𝑖𝛽1 + 𝛽2 ∗ 𝑒𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡𝑠𝑡 + 𝛽3(𝑡𝑟𝑒𝑎𝑡𝑠 ∗ 𝑝𝑜𝑠𝑡𝑡 ∗ 𝑢𝑟𝑏𝑎𝑛) + 𝛽4(𝑢𝑟𝑏𝑎𝑛 ∗ 𝑡𝑟𝑒𝑎𝑡) +
𝛽5(𝑡𝑟𝑒𝑎𝑡 ∗ 𝑝𝑜𝑠𝑡𝑡) + 𝛽6(𝑢𝑟𝑏𝑎𝑛 ∗ 𝑝𝑜𝑠𝑡𝑡) + 𝑖𝑠𝑡                (2) 
                                                          
31 Massachusetts is excluded from the control group as well.  
32 Table 1.2, Table 1.3, and Table 1.4 show evidence of statistically significant coefficients in the pre-period.  
33 Turning this into a Triple Difference analysis  





I hypothesize that individuals living in the urban areas of the states included in the treatment 
group experienced increases in stress and substance use following BMB. I estimate the two 
equations above using a Linear Probability Model (LPM) so that results are easy-to-interpret 
marginal effects. I also use the population survey weights provided by BRFSS. The standard errors 
are clustered at the state-urban level, which is the treatment level.  
 
1.5 Empirical Results  
 
1.5.1 DD Results  
 
      The Difference-in-Difference (DD) estimators for the treatment regions (Option A, Option B, 
and Option C) are provided for the each of the three dependent variables (mental health, smoking, 
binge drinking). I show results in 60 day intervals before and after the BMB. I also evaluate the 
statistical significance of the pre-BMB trend using a joint Wald test, and report the p-value for this 
test in my results. The variable of primary interest is the DD estimator for each treatment region. 
The results for stress and substance use outcomes are reported in Table 1.2 (Option A), Table 1.3 
(Option B), and Table 1.3 (Option C). 
I first investigate if the results meet the parallel time trends assumption. Three 60-day time six 
periods prior to the BMB have been added to the DD tables, as well as the p-values of the joint 
Wald tests. Finding evidence of statistically significant effect means that the pre-period parallel 
trends assumption is violated, implying a certain degree of correlation between the event and the 
outcome trends. The empirical results displayed in the tables suggest the existence of non-parallel 
trends in the pre-treatment period in all of the models for Option A (Table 1.2), in binge drinking 
at the intensive margin model for Option B (p-value of 0.027) (Table 1.3) and smoking and binge 
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drinking at the intensive margin models for Option C (p-values of 0.001 and 0.022, respectively) 
(Table 1.3)   
None of the models yields statistically significant and coherent results35, possibly due to the 
existence of these non-parallel time trends in the pre-treatment period. This would imply that the 
treatment and the control groups might be on different trajectories prior to the event, therefore 
biasing these results. 
To the best of my knowledge, there are two options available to address non-parallel time 
trends: adjusting the control group through a matching procedure36 or performing a DDD analysis. 
I opt for the triple-difference analysis, exploiting the differences in rural/urban status given that 




                                                          
35 Counter-intuitive negative results  
36 Synthetic Control Group  







Table 1.2 Mental Health and Substance Use in 60-day Intervals.     
Linear Probability Models DD Estimators (Option A)       
  Poor  
Smoking  
Binge Drinking  
Interaction Terms  Mental Health  Extensive margin  Intensive margin  Both margins 
(1) Treat x Urban x Pre-period 1 -0.357* 0.020** 0.004 0.832*** 0.251** 
 (0.156) (0.008) (0.003) (0.292) (0.113) 
(2) Treat x Urban x Pre-period 2 0.080 -0.033** -0.015*** 1.217*** 0.282*** 
 (0.126) (0.014) (0.003) (0.265) (0.033) 
(3) Treat x Urban x Pre-period 3 0.124 -0.013 0.0004 0.005 0.020 
 (0.163) (0.010) (0.004) (0.227) (0.035) 
(4) Treat x Urban x Pre-period 4 0.564* 0.007 0.003 2.647*** 0.680** 
 (0.332) (0.028) (0.005) (0.844) (0.295) 
(5) Treat x Urban x Pre-period 5 -0.203* 0.022 0.010*** 0.293 0.201*** 
 (0.108) (0.035) (0.002) (0.381) (0.060) 
(6) Treat x Urban x Pre-period 6 -0.052 0.031 -0.011*** 0.5215 0.081 
 (0.127) (0.028) (0.004) (0.469) (0.108) 
P-value of joint significance of 6 pre-periods [0.002]*** [0.000]*** [0.000]*** [0.000]*** [0.000]*** 
(7) Treat x Urban x Post-period 1 -0.197** 0.006 -0.033 -0.381 -0.179 
 (0.076) (0.011) (0.030) (0.368) (0.162) 
(8) Treat x Urban x Post-period 2 -0.010 0.050* 0.024*** -0.912*** -0.105** 
 (0.064) (0.026) (0.006) (0.244) (0.048) 
(9) Treat x Urban x Post-period 3 -0.110 0.002 0.027** -1.920*** -0.221** 
 (0.118) (0.014) (0.012) (0.188) (0.091) 
(10) Treat x Urban x Post-period 4 -0.205 0.009 -0.032* 1.919*** 0.181 










Table 1.2 Mental Health and Substance Use in 60-day Intervals.      
Linear Probability Models DD Estimators (Option A) (cont.)         
  Poor  
Smoking  
Binge drinking   
Interaction Terms Mental Health  Extensive margin  Intensive margin  Both margins   
Beer Price  -- -- -0.170 -3.032 -1.221  
   (0.340) (5.196) (1.882)  
Cigarette Price  -- -0.016*** -- -- --  
  (0.005)     
N  1,002,686 459,111 968,150 97,827 968,150  
Mean  3.269 0.329 0.100 4.165 0.419  
This table presents the coefficients of the DD estimators in the LPM (marginal effects) compared to the reference category: pre x control  
Option A: Treatment group consists of Massachusetts alone       
Smoking consists of a binary variable. 1 current smokers and 0: former smokers only (excluding never smokers).   
Binge drinking is defined both as a binary variable: whether or not the individual is a binge drinker    
And as a count variable: number of binge drinking episodes       
Post-period 1 = [15-75] days forward (April 30 - June 29, 2013). Post-period 2 = [76-135] days forward (June 30 - August 28, 2013)   
Post-period 3 = [136-195] days forward (August 29 - October 27, 2013). Post-period 4 = [196-260] days forward (October 28 - December 31, 2013)  
Pre-period 1 = [360-301] days backward (April 21 - June 19, 2012). Pre-period 2 = [300-241] days backward (June 20 - August 18, 2012)   
Pre-period 3 = [240-181] days backward (August 19 - October 17, 2012). Pre-period 4 = [180-121] days backward (October 18 - December 16, 2012)  
Pre-period 5 = [120-61] days backward (December 17, 2012 - February 14, 2013). Pre-period 6 = [60-1] days backward (February 15 - April 14, 2013)  
Population survey weights provided by BRFSS       
Standard errors are reported in parentheses and are robust to clustering at the state-urban level     
*** p<0.01  ** p<0.05 * p<0.1       
 






Table 1.3 Mental Health and Substance Use in 60-day Intervals.     
Linear Probability Models DD Estimators (Option B)         
  Poor  
Smoking  
Binge Drinking  
Interaction Terms  
Mental Health  
Extensive margin  
Intensive 
margin  Both margins 
(1) Treat x Urban x Pre-period 1 -0.538* -0.039 0.002 -0.269 -0.051 
 (0.275) (0.033) (0.013) (0.359) (0.082) 
(2) Treat x Urban x Pre-period 2 -0.211 -0.025 -0.025* 0.336 -0.046 
 (0.318) (0.036) (0.015) (0.608) (0.127) 
(3) Treat x Urban x Pre-period 3 -0.508 0.008 0.002 -0.661 -0.133 
 (0.338) (0.013) (0.017) (0.421) (0.097) 
(4) Treat x Urban x Pre-period 4 -0.553 0.053 0.001 -0.467 -0.073 
 (0.354) (0.053) (0.016) (0.516) (0.109) 
(5) Treat x Urban x Pre-period 5 -0.636* -0.034 0.001 -1.264*** -0.243*** 
 (0.368) (0.024) (0.017) (0.412) (0.093) 
(6) Treat x Urban x Pre-period 6 -0.743** 0.016 -0.007 -0.600 -0.146 
 (0.378) (0.013) (0.017) (0.457) (0.104) 
P-value of joint significance of 6 pre-periods [0.465] [0.397] [0.619] [0.027]** [0.190] 
(7) Treat x Urban x Post-period 1 0.376* 0.003 -0.011 -0.203 -0.049 
 (0.191) (0.015) (0.013) (0.401) (0.073) 
(8) Treat x Urban x Post-period 2 0.272 0.026 0.009 0.258 0.109 
 (0.166) (0.017) (0.007) (0.906) (0.177) 
(9) Treat x Urban x Post-period 3 -0.443** 0.016 -0.001 -0.287 -0.058 
 (0.174) (0.020) (0.005) (0.396) (0.065) 
(10) Treat x Urban x Post-period 4 0.028 0.003 -0.024** 0.281 -0.052 













Table 1.3 Mental Health and Substance Use in 60-day Intervals.     
Linear Probability Models DD Estimators (Option B) (cont.)        
  Poor  
Smoking  
Binge Drinking  
Interaction Terms  Mental Health  Extensive margin  Intensive margin  Both margins 
Beer Price  -- -- -0.148 -2.566 -1.078 
   (0.328) (4.891) (1.784) 
Cigarette Price  -- -0.013*** -- -- -- 
  (0.005)    
N  1,086,439 499,553 1,049,498 106,878 1,049,498 
Mean  3.265 0.321 0.101 4.135 0.420 
This table presents the coefficients of the DD estimators in the LPM (marginal effects) compared to the reference category: pre x control 
Option B: Treatment group consists of Massachusetts and Neighboring states (RI, CT, NY, VT, NH)   
Smoking consists of a binary variable. 1 current smokers and 0: former smokers only (excluding never smokers).  
Binge drinking is defined both as a binary variable: whether or not the individual is a binge drinker   
And as a count variable: number of binge drinking episodes      
Post-period 1 = [15-75] days forward (April 30 - June 29, 2013). Post-period 2 = [76-135] days forward (June 30 - August 28, 2013)  
Post-period 3 = [136-195] days forward (August 29 - October 27, 2013). Post-period 4 = [196-260] days forward (October 28 - December 31, 2013)  
Pre-period 1 = [360-301] days backward (April 21 - June 19, 2012). Pre-period 2 = [300-241] days backward (June 20 - August 18, 2012)  
Pre-period 3 = [240-181] days backward (August 19 - October 17, 2012). Pre-period 4 = [180-121] days backward (October 18 - December 16, 
2012)  
Pre-period 5 = [120-61] days backward (December 17, 2012 - February 14, 2013). Pre-period 6 = [60-1] days backward (February 15 - April 14, 
2013)  
Population survey weights provided by BRFSS      
Standard errors are reported in parentheses and are robust to clustering at the state-urban level    
*** p<0.01  ** p<0.05 * p<0.1      














Table 1.4 Mental Health and Substance Use in 60-day Intervals.     
Linear Probability Models DD Estimators (Option C)         
  Poor  
Smoking  
Binge Drinking  
Interaction Terms  Mental Health  Extensive margin  Intensive margin  Both margins 
(1) Treat x Urban x Pre-period 1 -0.636** -0.064 0.003 -0.445 -0.088 
 (0.351) (0.039) (0.017) (0.427) (0.097) 
(2) Treat x Urban x Pre-period 2 -0.137 -0.023 -0.032* 0.729 -0.034 
 (0.387) (0.045) (0.018) (0.772) (0.520) 
(3) Treat x Urban x Pre-period 3 -0.558 0.017 0.000 -0.621 -0.146 
 (0.417) (0.011) (0.021) (0.507) (0.116) 
(4) Treat x Urban x Pre-period 4 -0.752* 0.062 0.000 -0.741 -0.125 
 (0.424) (0.061) (0.019) (0.509) (0.111) 
(5) Treat x Urban x Pre-period 5 -0.758* -0.051** 0.000 -1.378*** -0.271** 
 (0.451) (0.020) (0.020) (0.471) (0.107) 
(6) Treat x Urban x Pre-period 6 -0.946** 0.012 -0.003 -0.564 -0.135 
 (0.454) (0.012) (0.020) (0.529) (0.122) 
P-value of joint significance of 6 pre-periods [0.356] [0.001]*** [0.586] [0.022]** [0.201] 
(7) Treat x Urban x Post-period 1 0.232 0.003 -0.004 -0.165 -0.015 
 (0.242) (0.019) (0.008) (0.509) (0.058) 
(8) Treat x Urban x Post-period 2 0.383** 0.019 0.004 0.634 0.165 
 (0.162) (0.018) (0.007) (1.088) (0.209) 
(9) Treat x Urban x Post-period 3 -0.342** 0.016 -0.003 0.041 -0.025 
 (0.163) (0.022) (0.006) (0.291) (0.057) 
(10) Treat x Urban x Post-period 4 0.067 0.001 -0.021 0.132 -0.064 














Table 1.4 Mental Health and Substance Use in 60-day Intervals.     
Linear Probability Models DD Estimators (Option C) (cont.)       
  Poor  
Smoking  
Binge Drinking  
Interaction Terms  Mental Health  Extensive margin  Intensive margin  Both margins 
Beer Price  -- -- -0.152 -2.617 -1.097 
   (0.329) (4.932) (1.798) 
Cigarette Price  -- -0.014** -- -- -- 
  (0.005)    
N  1,037,075 475,722 1,003,266 101,145 1,003,266 
Mean  3.247 0.321 0.100 4.145 0.416 
This table presents the coefficients of the DD estimators in the LPM (marginal effects) compared to the reference category: pre x control 
Option C: Treatment group consists of Neighboring states (RI, CT, NY, VT, NH) without Massachusetts   
Smoking consists of a binary variable. 1 current smokers and 0: former smokers only (excluding never smokers).  
Binge drinking is defined both as a binary variable: whether or not the individual is a binge drinker   
And as a count variable: number of binge drinking episodes      
Post-period 1 = [15-75] days forward (April 30 - June 29, 2013). Post-period 2 = [76-135] days forward (June 30 - August 28, 2013)  
Post-period 3 = [136-195] days forward (August 29 - October 27, 2013). Post-period 4 = [196-260] days forward (October 28 - December 31, 2013)  
Pre-period 1 = [360-301] days backward (April 21 - June 19, 2012). Pre-period 2 = [300-241] days backward (June 20 - August 18, 2012)  
Pre-period 3 = [240-181] days backward (August 19 - October 17, 2012). Pre-period 4 = [180-121] days backward (October 18 - December 16, 
2012)  
Pre-period 5 = [120-61] days backward (December 17, 2012 - February 14, 2013). Pre-period 6 = [60-1] days backward (February 15 - April 14, 
2013)  
Population survey weights provided by BRFSS      
Standard errors are reported in parentheses and are robust to clustering at the state-urban level    
*** p<0.01  ** p<0.05 * p<0.1      
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1.5.2 DDD Results  
 
The Triple Difference approach (DDD) does a good job fixing the non-parallel time trend 
observed in the pre-period for Option B (Table 1.6) and Option C (Table 1.7), but it is unable to 
correct the non-parallel trajectory between the treatment (Massachusetts) and control group in 
Option A (Table 1.5). Estimates interpretation from this option should then be taken cautiously. 
The p-values of the joint Wald test are all greater than 0.10, implying no overall statistical 
significance in the pre-treatment periods, except for smoking model in Option C. Additionally, the 
number of individual statistically significant coefficients in the pre-treatment period is greatly 
reduced once DD approach is performed.  
The Difference-in-Difference-in-Difference (DDD) estimators for the treatment regions 
(A,B,C) are provided for each of the three models. The binary variable urban is then added to the 
interaction term. Results for mental health and substance use outcomes are reported in the second 
panel of Table 1.5, Table 1.6, and Table 1.7.  
Option B – Estimates Interpretation  
Option B defines the treatment group as Massachusetts and all of its neighboring states (Rhode 
Island, Connecticut, New York, Vermont, New Hampshire). Post-period point estimates, standard 
errors, and level of significance can be found in the second panel of Table 1.6.  
 I find causal evidence that BMB increased the number of poor mental health days by 0.533 
(p<0.10, 14% of the mean) in the first two months after the terrorist attack.  
 I find causal evidence that BMB increased the likelihood of becoming a current smoker by 
0.051 (p<0.05, 16% of the mean) four months after the terrorist attack.  
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 I find causal evidence that the probability of binge drinking (extensive margin) increases 
by 0.028 (p<0.05, 18% of the mean) and 0.025 (p<0.05, 16% of the mean), two months 
and four months, respectively after the terrorist attack.  
 I find causal evidence that the number of binge drinking episodes (intensive margin) 
increases by 2.576 (p<0.01, 63% of the mean) between 2 ½ and 4 ½ months after the 
terrorist attack.  
 
Option C – Estimates Interpretation  
Option C defines the treatment group as all of neighboring states but excluding Massachusetts. 
Post-period point estimates, standard errors, and level of significance can be found in the second 
panel of Table 1.7.  
 I find causal evidence that BMB increased the number of poor mental health days by 0.796 
(p<0.01, 21% of the mean) in the first two months after the terrorist attack.  
 I find causal evidence that BMB increased the likelihood of becoming a current smoker by 
0.051 (p<0.05, 16% of the mean) four months after the terrorist attack.  
 I find causal evidence that the probability of binge drinking (extensive margin) increases 
by 0.036 (p<0.01, 24% of the mean) and 0.026 (p<0.05, 16% of the mean), two months 
and four months, respectively after the terrorist attack.  
 I find causal evidence that the number of binge drinking episodes (intensive margin) 
increases by 3.065 (p<0.001, 74% of the mean) between 2 ½ and 4 ½ months after the 
terrorist attack.  
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As can be observed, the effects seem to be slightly more intense when Massachusetts is excluded 
from the treatment group (Option C). This might actually be suggesting that the purely perceived 
risk effect is a stronger plausible explanation than the time use effect from being locked-in due to 
the curfew.  
Boston Marathon Bombing was associated with poor mental health and excessive alcohol 
use. Approximately 25 million adults lived in Massachusetts and neighboring states in 2013, thus 
my estimates suggest that these individuals experienced a total of 20 extra million days of poor 
mental health and 76 million of extra binge drinking episodes after the bombing. Also, 1.3 extra 
million individuals might have become current smokers after the terrorist attack.  
Overall, I find some evidence that BMB might have contributed to increase in poor mental health 
status and substance use in Massachusetts and neighboring states37. 
Note: A major concern that might arise from this research is the way treatment and control 
groups are defined. It might be argued that some urban areas in Massachusetts (and neighboring 
states), included in the treatment group, will actually have less to fear from terrorism than large 
cities such as Los Angeles and Chicago, included in the control group. Therefore, it would be more 
accurate to perform this analysis at the county level to account for this issue. Unfortunately, CDC 
stopped disclosing the county identifier variable starting in year 2013, thus making this type of 
analysis unfeasible. On the other hand, CDC has recently released BRFSS data for Metropolitan 
and Micropolitan Statistical Areas (MMSAs), which could be helpful in the absence of a county 
identifier. For instance, Boston MMSA includes Boston, Cambridge, and Newton38. 
                                                          
37 DDD models used Landline-only data files, instead of the combined Landline + Cellphone data files also available 
from the BRFSS because of the difficulty in identifying where the cellphone-only actually reside, given that a 
variable capturing geocode information is missing in the surveys.  
38 The MMSA subdivisions are designated by the U.S. Office of Management and Budget and used by the U.S. 
Census Bureau as of June 2003. The general concept of a metropolitan or micropolitan statistical area is that of a 
core area containing a substantial population nucleus, together with adjacent communities and all having a high 
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Unfortunately, they now do not provide the month in which the interview was conducted thus 
















                                                          
degree of economic and social integration. Metropolitan statistical area refers to groups of counties that contain at 
least one urbanized area of 50,000 or more inhabitants. Micropolitan statistical area refers to group of counties 
that contains at least one urban cluster of at least 10,000 but less than 50,000 inhabitants.  





Table 1.5 Mental Health and Substance Use in 60-day Intervals.     
Linear Probability Models DDD Estimators (Option A)         
  Poor  
Smoking  
Binge Drinking  
Interaction Terms  Mental Health  Extensive margin  Intensive margin  Both margins 
(1) Treat x Urban x Pre-period 1 -0.357** 0.007 0.004 0.832*** 0.251** 
 (0.156) (0.060) (0.003) (0.292) (0.113) 
(2) Treat x Urban x Pre-period 2 0.080 -0.051 -0.015*** 1.217*** 0.282*** 
 (0.126) (0.054) (0.003) (0.265) (0.033) 
(3) Treat x Urban x Pre-period 3 0.124 -0.006 0.004 0.005 0.020 
 (0.163) (0.057) (0.004) (0.227) (0.035) 
(4) Treat x Urban x Pre-period 4 0.564* 0.112** 0.003 2.647*** 0.680** 
 (0.332) (0.055) (0.005) (0.844) (0.295) 
(5) Treat x Urban x Pre-period 5 -0.203* -0.136** 0.010*** 0.293 0.201*** 
 (0.108) (0.054) (0.002) (0.381) (0.060) 
(6) Treat x Urban x Pre-period 6 -0.052 -0.111 -0.011*** 0.525 0.081 
 (0.127) (0.052) (0.004) (0.469) (0.108) 
P-value of joint significance of 6 pre-periods [0.002]** [0.011]** [0.000]*** [0.000]*** [0.000]*** 
(7) Treat x Urban x Post-period 1 0.017 0.031** 0.111*** 1.402*** 0.674*** 
 (0.801) (0.015) (0.009) (0.331) (0.058) 
(8) Treat x Urban x Post-period 2 -0.816 -0.105*** 0.011 -0.194 0.095 
 (0.797) (0.016) (0.009) (0.416) (0.066) 
(9) Treat x Urban x Post-period 3 1.891* 0.043*** 0.057*** -0.632 0.327*** 
 (0.971) (0.014) (0.007) (0.311) (0.068) 
(10) Treat x Urban x Post-period 4 0.375 0.088*** -0.054*** -0.611 -0.453*** 












Table 1.5 Mental Health and Substance Use in 60-day Intervals.     
Linear Probability Models DDD Estimators (Option A) (cont.)       
  Poor  
Smoking  
Binge Drinking  
Interaction Terms  Mental Health  Extensive margin  Intensive margin  Both margins 
Beer Price  -- -- -0.168 -2.910 -1.1963 
   (0.334) (4.966_ (1.838) 
Cigarette Price  -- -0.016*** -- -- -- 
  (0.005)    
N  1,002,686 459,111 968,150 97,827 968,150 
Mean  3.269 0.326 0.100 4.165 0.419 
This table presents the coefficients of the DDD estimators in the LPM (marginal effects) compared to the reference category: pre x control x rural 
Option A: Treatment group consists of Massachusetts alone      
Smoking consists of a binary variable. 1 current smokers and 0: former smokers only (excluding never smokers).  
Binge drinking is defined both as a binary variable: whether or not the individual is a binge drinker   
And as a count variable: number of binge drinking episodes      
Post-period 1 = [15-75] days forward (April 30 - June 29, 2013). Post-period 2 = [76-135] days forward (June 30 - August 28, 2013)  
Post-period 3 = [136-195] days forward (August 29 - October 27, 2013). Post-period 4 = [196-260] days forward (October 28 - December 31, 2013)  
Pre-period 1 = [360-301] days backward (April 21 - June 19, 2012). Pre-period 2 = [300-241] days backward (June 20 - August 18, 2012)  
Pre-period 3 = [240-181] days backward (August 19 - October 17, 2012). Pre-period 4 = [180-121] days backward (October 18 - December 16, 
2012)  
Pre-period 5 = [120-61] days backward (December 17, 2012 - February 14, 2013). Pre-period 6 = [60-1] days backward (February 15 - April 14, 
2013)  
Population survey weights provided by BRFSS      
Standard errors are reported in parentheses and are robust to clustering at the state-urban level    
*** p<0.01  ** p<0.05 * p<0.1      









Table 1.6 Mental Health and Substance Use in 60-day Intervals.     
Linear Probability Models DDD Estimators (Option B)       
  Poor  
Smoking  
Binge Drinking  
Interaction Terms  Mental Health  Extensive margin  Intensive margin  Both margins 
(1) Treat x Urban x Pre-period 1 -1.606*** -0.352 -0.030 -0.549 -0.231 
 (0.538) (0.240) (0.034) (0.930) (0.197) 
(2) Treat x Urban x Pre-period 2 -0.356 0.092 0.039 3.303 0.608 
 (0.702) (0.243) (0.035) (2.158) (0.438) 
(3) Treat x Urban x Pre-period 3 0.120 -0.012 0.030 0.353 0.139 
 (0.989) (0.238) (0.049) (1.369) (0.319) 
(4) Treat x Urban x Pre-period 4 0.249 0.047 -0.020 -2.018 -0.368 
 (0.766) (0.248) (0.034) (1.275) (0.276) 
(5) Treat x Urban x Pre-period 5 -0.039 -0.091 0.004 0.286 0.111 
 (0.538) (0.211) (0.030) (0.721) (0.157) 
(6) Treat x Urban x Pre-period 6 -0.389 0.202 -0.011 -0.219 -0.130 
 (0.523) (0.205) (0.024) (0.947) (0.189) 
P-value of joint significance of 6 pre-periods [0.138] [0.688] [0.783] [0.458] [0.166] 
(7) Treat x Urban x Post-period 1 0.533* 0.046** 0.029 0.740 0.298* 
 (0.273) (0.023) (0.021) (0.955) (0.155) 
(8) Treat x Urban x Post-period 2 0.184 
-
0.072*** 0.028** 2.576*** 0.639*** 
 (0.256) (0.020) (0.013) (0.699) (0.109) 
(9) Treat x Urban x Post-period 3 0.492* 0.051** 0.025** 0.669 0.187* 
 (0.283) (0.022) (0.011) (0.561) (0.096) 
(10) Treat x Urban x Post-period 4 -0.430** -0.021 -0.028 1.712* 0.143 











Table 1.6 Mental Health and Substance Use in 60-day Intervals.      
Linear Probability Models DDD Estimators (Option B) (cont.)        
  Poor  
Smoking  
Binge Drinking   
Interaction Terms  Mental Health  Extensive margin  Intensive margin  Both margins  
Beer Price  -- -- -0.152 -2.532 -1.081  
   (0.324) (4.713) (1.755)  
Cigarette Price  -- -0.013*** -- -- --  
  (0.004)     
N  1,086,439 499,553 1,049,498 106,878 1,049,498  
Mean  3.265 0.321 0.101 4.135 0.420  
This table presents the coefficients of the DDD estimators in the LPM (marginal effects) compared to the reference category: pre x control x rural 
Option B: Treatment group consists of Massachusetts and Neighboring states (RI, CT, NY, VT, NH)    
Smoking consists of a binary variable. 1 current smokers and 0: former smokers only (excluding never smokers).   
Binge drinking is defined both as a binary variable: whether or not the individual is a binge drinker    
And as a count variable: number of binge drinking episodes       
Post-period 1 = [15-75] days forward (April 30 - June 29, 2013). Post-period 2 = [76-135] days forward (June 30 - August 28, 2013)   
Post-period 3 = [136-195] days forward (August 29 - October 27, 2013). Post-period 4 = [196-260] days forward (October 28 - December 31, 2013)  
Pre-period 1 = [360-301] days backward (April 21 - June 19, 2012). Pre-period 2 = [300-241] days backward (June 20 - August 18, 2012)   
Pre-period 3 = [240-181] days backward (August 19 - October 17, 2012). Pre-period 4 = [180-121] days backward (October 18 - December 16, 2012)  
Pre-period 5 = [120-61] days backward (December 17, 2012 - February 14, 2013). Pre-period 6 = [60-1] days backward (February 15 - April 14, 2013)  
Population survey weights provided by BRFSS       
Standard errors are reported in parentheses and are robust to clustering at the state-urban level     
*** p<0.01  ** p<0.05 * p<0.1       










Table 1.7 Mental Health and Substance Use in 60-day Intervals.     
Linear Probability Models DDD Estimators (Option C)       
  Poor  
Smoking  
Binge Drinking  
Interaction Terms  Mental Health  Extensive margin  Intensive margin  Both margins 
(1) Treat x Urban x Pre-period 1 -1.850*** -0.111 -0.021 -0.360 -0.163 
 (0.635) (0.089) (0.041) (1.197) (0.266) 
(2) Treat x Urban x Pre-period 2 -0.550 -0.122 0.056 3.570 0.728 
 (0.810) (0.076) (0.038) (2.364) (0.476) 
(3) Treat x Urban x Pre-period 3 0.195 -0.15 0.041 0.222 0.153 
 (1.148) (0.087) (0.057) (1.560) (0.374) 
(4) Treat x Urban x Pre-period 4 0.247 0.217** -0.006 -1.352 -0.178 
 (0.858) (0.090) (0.039) (1.326) (0.285) 
(5) Treat x Urban x Pre-period 5 -0.042 -0.073 0.015 0.448 0.182 
 (0.621) (0.058) (0.035) (0.702) (0.154) 
(6) Treat x Urban x Pre-period 6 -0.305 0.011 -0.010 0.114 -0.066 
 (0.593) (0.050) (0.028) (1.068) (0.225) 
P-value of joint significance of 6 pre-periods [0.160] [0.059]* [0.754] [0.671] [0.416] 
(7) Treat x Urban x Post-period 1 0.796*** 0.055** -0.001 0.445 0.158 
 (0.201) (0.026) (0.016) (1.100) (0.127) 
(8) Treat x Urban x Post-period 2 0.281 -0.060*** 0.036*** 3.065*** 0.727*** 
 (0.191) (0.022) (0.012) (0.506) (0.075) 
(9) Treat x Urban x Post-period 3 0.306 0.051** 0.026** 0.499 0.156* 
 (0.272) (0.023) (0.011) (0.364) (0.087) 
(10) Treat x Urban x Post-period 4 -0.536*** -0.031 -0.027 2.059** 0.212 











Table 1.7 Mental Health and Substance Use in 60-day Intervals.     
Linear Probability Models DDD Estimators (Option C) (cont.)       
  Poor  
Smoking  
Binge Drinking  
Interaction Terms  Mental Health  Extensive margin  Intensive margin  Both margins 
Beer Price  -- -- -0.153 -2.525 -1.083 
   (0.324) (4.730) (1.762) 
Cigarette Price  -- -0.014*** -- -- -- 
  (0.005)    
N  1,037,075 475,722 1,003,266 101,145 1,003,266 
Mean  3.247 0.321 0.100 4.147 0.416 
This table presents the coefficients of the DDD estimators in the LPM (marginal effects) compared to the reference category: pre x control x rural 
Option C: Treatment group consists of Neighboring states (RI, CT, NY, VT, NH) without Massachusetts    
Smoking consists of a binary variable. 1 current smokers and 0: former smokers only (excluding never smokers).  
Binge drinking is defined both as a binary variable: whether or not the individual is a binge drinker   
And as a count variable: number of binge drinking episodes      
Post-period 1 = [15-75] days forward (April 30 - June 29, 2013). Post-period 2 = [76-135] days forward (June 30 - August 28, 2013)  
Post-period 3 = [136-195] days forward (August 29 - October 27, 2013). Post-period 4 = [196-260] days forward (October 28 - December 31, 2013)  
Pre-period 1 = [360-301] days backward (April 21 - June 19, 2012). Pre-period 2 = [300-241] days backward (June 20 - August 18, 2012)  
Pre-period 3 = [240-181] days backward (August 19 - October 17, 2012). Pre-period 4 = [180-121] days backward (October 18 - December 16, 
2012)  
Pre-period 5 = [120-61] days backward (December 17, 2012 - February 14, 2013). Pre-period 6 = [60-1] days backward (February 15 - April 14, 
2013)  
Population survey weights provided by BRFSS      
Standard errors are reported in parentheses and are robust to clustering at the state-urban level    
*** p<0.01  ** p<0.05 * p<0.1      
Source: BRFSS Landline 2011-2013 analytic file      




1.5.3 Balance Check  
 
Another key assumption for valid inference is that observable population characteristics for each 
of the two regions (treatment and control groups) should not diverge between the pre-BMB and the 
post-BMB period. Table 1.8 provides the results of the test performed for possible divergence in the 
post-BMB period in observable characteristics between the treatment and the control group. In the 7 
tests performed across post-BMB periods of 8 months, no socio-demographic group exhibits 
statistically significant changes between the two regions after the event at a 10 percent level. 
Additionally, the p-value of the joint Wald test reports no overall statistical differences. 
Table 1.8 Balance Check   
Years 2011-2013 Post-BMB  
(1) Sex x Region  0.17 
(2) Race/Ethnicity x Region  0.36 
(3) Age x Region  0.58 
(4) Education x Region  0.95 
(5) Employment/Labor Force x Region  32 
(6) Marital Status x Region  0.93 
(7) Income x Region  0.61 
(8) Joint Test  0.84 
Number of Observations  1,121,396 
Each column presents the p-value from the joint significance test  
of each category when interacted with the two regions.   
Standard errors are reported in parentheses and robust to  
clustering at the state-urban level.   
Source: BRFSS Landline analytic file.   
 
The null hypothesis of each category is that the interaction between the category with the control 
and treatment groups do not statistically change its composition between pre-BMB and post-BMB 
periods. An indicator for post-BMB is used as the dependent variable and the models are estimated 
with Logit. 
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1.6 Conclusions  
 
Almost 17 years after the worst act of terrorism ever committed in the United States, two 
homemade bombs exploded near the finish line of the Boston Marathon, killing three spectators and 
wounding more than 260 people. I use the Boston Marathon Bombing as a natural experiment to 
study how increases in perceived background risks affect mental health and substance use. A 
Difference-in-Difference analysis is performed to exploit differences in background risks between 
urban and rural areas of Massachusetts and neighboring states compared to the rest of the United 
States. The model isolates the effect of the tragic event from the effect of both time-invariant un-
observables and from the effect of other events that might have occurred over the considered time 
period, by estimating the difference over time between control states and three different treatment-
groups definitions. 
I find causal evidence that Boston Marathon Bombings were associated with an increase in 
the number of poor mental health days and an increase in the number of binge drinking episodes. I 
also find causal evidence that this terrorist attack was associated with an increase in the probability 
of becoming a current smoker and probability of binge drinking. Overall, the terror attack perpetrated 
in Boston contributed to 20 extra million days of poor mental health and 76 million of extra binge 
drinking episodes in Massachusetts and neighboring states. Additionally, 1.3 extra million 
individuals might have become current smokers after the terrorist attack.  
The effects of BMB on heavy alcohol consumption are extremely important to consider. 
Alcohol abuse is the third leading preventable cause of death in the United States. Binge drinking 
generally results in acute impairment and causes a substantial fraction of all alcohol-related deaths. 
Adverse health effects specifically associated with binge drinking include unintentional injuries, 
suicide, alcohol poisoning, hypertension, acute myocardial infarction, gastritis, pancreatitis, 
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meningitis, sexually transmitted diseases, and poor control of diabetes (Naimi et al., 2003). 
Consequences of binge drinking have especially high social and economic costs, including 
interpersonal violence, unintended pregnancy, child neglect and loss of productivity (Shultz et al., 
1991).  
The study of simultaneous relationships among explored and omitted responses to terrorist 
attacks might be of interest for future research. For instance, binge drinking rise may have also 
prompted marijuana consumption in those New England urban counties. Terrorist attacks are only 
one example of something that can alter perceived background risks. Crime and natural disasters also 
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2 Identifying the Effects of the Great Recession on Alcohol 
Consumption and Smoking Behavior in the United States: Evidence 
from Housing Shocks   
 
2.1 Introduction  
 
     The United States economy experienced what is commonly referred to as the Great Recession 
(GR) from December 2007 through June 2009 (NBER Business Cycle Dating Committee, 2011) and 
whose severity and duration is not comparable to those from any other economic crisis since the 
World War II. National income fell by about 6% and unemployment more than doubled from 4.4% 
in October 2006 to 10% in October 2009. This major economic turmoil obviously raises important 
questions regarding the impact of the Great Recession on health and health behaviors of the U.S. 
population. Most of the existing and extensive literature that rely on the relationship between 
economic conditions and health outcomes predate the period corresponding to the Great Recession.  
    The present study provides a new approach to the relationship between macroeconomic conditions 
and health behaviors. I examine how the recessionary forces, captured by variations in several 
housing variables have affected substance abuse, specifically, alcohol consumption and smoking 
behavior.  
    Though significant work already exists in the mental health field using foreclosures rates, I also 
try to contribute along with several dimensions to move the substance use literature forward. First, I 
introduce two new measures of housing shocks based on public data. So far, the literature in this 
field has focused on foreclosure ratio. Even though the Great Recession has been characterized by 
large number of foreclosures, that is not the unique barometer of housing crisis. It is plausible that a 
decrease in house prices in communities that are not necessarily marred by foreclosure can also stress 
out individuals, and trigger unhealthy behaviors. These new variables can then be used in other 
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settings to estimate the impacts of housing shocks on health and health behaviors. Second, to the best 
of my knowledge, this paper is the first that examines the alcohol consumption and smoking behavior 
consequences of the 2008 housing market crisis using both county and monthly nationally 
representative data of the U.S. population. On a broader scale, the paper contributes to the larger 
literature on the health effects of economic shocks.  
     My results indicate that worsened economic conditions measured through an increase in the 
foreclosure rates increase the probability of becoming a current drinker at the time. Whereas 
economic bad times measured by a decrease in house prices are associated with a decrease in the 
probabilities of being a current drinker, a binge drinker, a chronic drinker, a current smoker, and a 
decrease in the number of days in which in which the respondent has had at least one alcoholic intake, 
as well as, a decrease in the number of binge drinking episodes.  When the analysis is conducted by 
gender, females seem to explain most of the previous results. The disaggregation of ownership status 
between renters and owners also yield some differences in results.  
The remainder of this chapter is organized as follows: Section 2 provides a brief review of the 
existing literature in order to contextualize my findings, Section 3 describes the data, Section 4 
articulates the empirical strategy, Section 5 provides the empirical results, and Section 6 concludes 
with a discussion of the overall findings mentioning some limitations and caveats.  
 
 
2.2 Literature Background  
 
     There is an extensive literature documenting the relationship between macroeconomic fluctuations 
and health. The seminal work by Ruhm (2000) showed that mortality and morbidity in the United States 
followed a pro-cyclical pattern, in which they both increase (worsen) during good economic times. 
Improved health-related behaviors due to relaxed time constraints and tightened budget constraints were 
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cited as a plausible mechanism driving these results. This finding has largely been confirmed in a series 
of follow up papers by Cristopher J. Ruhm (Ruhm 2003, 2005, 2007). The pro-cyclicality of total 
mortality has also been verified in several other countries: Germany (Neumayer, 2004), Spain (Tapia-
Granados, 2005), France (Buchmueller et al., 2007), Mexico (Gonzalez and Quast, 2011), Canada 
(Ariizumi and Schirle, 2012), Iceland (Asgeirsdottir et al., 2014), OECD countries (Gerdtham and Ruhm, 
2006), and Pacific-Asian nations (Lin 2009). More recently, however, Stevens et al. (2011) and Ruhm 
(2015) have discovered that the initial pro-cyclical relationship between macroeconomic conditions and 
mortality has weakened and even reversed, becoming counter-cyclical, when the analysis is extended to 
more recent years. Additionally, some other studies, based on individual-level data, show that health and 
health-related behaviors worsen during economic recessions (Gerdtham and Johannesson 2003&2005, 
Halliday 2014, Jensen and Richter 2003, Charles and DeCicca 2008).  
     With the motivation to uncover the key mechanisms that could explain either the pro-cyclical or 
counter-cyclical patterns in mortality, a new wave of research has been focusing on the relationship 
between macroeconomic fluctuations and health behaviors. The findings from these studies have 
provided no consensus on the direction of alcohol consumption and smoking use during the business 
cycle. Ettner (1997), using data from 1988 National Health Interview Survey (NHIS), found that 
unemployment reduced both the average daily alcohol consumption and dependence symptoms, 
probably due to income effects. Ruhm and Black (2002) found evidence that alcohol consumption 
decreased in recession periods, and argued that any stress-induced increases in alcohol consumption 
during bad economic times appeared to be more than offset by income effects. In contrast, Dee (2001) 
found a strong counter-cyclical prevalence of binge drinking. Ruhm (2005), using microdata from 
Behavioral Risk Factor Surveillance System (BRFSS) and covering the 1987-2000 period, showed that 
smoking and excess weight decline during economic downturns and physical activity increases, possibly 
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due to declining work hours. Xu (2013) combined health data from the BRFSS and NHIS along with 
employment data and found that higher wages and hours of work linked to good economic times were 
associated with increased smoking and decreased physical activity in low-educated individuals. 
Importantly to note is the fact the discussed studies on health behaviors are based on information that 
predates the period of the Great Recession.  
     There are several recent studies that address the relationship between economic conditions and 
substance use during the Great Recession. Macy et al. (2013) use longitudinal data to test the impact of 
financial strain, changes in working hours, and changes in employment status and multiple health 
behaviors, and found lower likelihood of smoking among those individuals who lost their jobs due to the 
economic downturn. Colman and Dave (2014) conduct a similar analysis using data from the Panel Study 
of Income Dynamics (PSID) and the National Longitudinal Survey of Youth (NLSY) and found that 
becoming unemployed was associated with a moderate decrease in smoking, consistent to prior studies 
based on cross-sectional data. Asgeirsdottir et al. (2014) found that the Great Recession in Iceland led to 
reductions in health compromising-behaviors, including smoking and heavy drinking and other 
behavioral changes that were explained by increases in prices during the crisis. Cotti et al. (2015) rely 
on household scanner data and found that the demand for packaged alcohol was significantly pro-cyclical 
during the during the Great Recession. Wang et al. (2016) investigate the impact of the Great Recession 
on health and health-related behaviors also using PSID and concluded that the deterioration of local 
economic conditions, measured as increasing county-specific unemployment rates, resulted in an 
increase in chronic drinking and reports of poor health and a decrease in mental health status. More 
recently, Carpenter et al. (2017) have provided the first analysis of the relationship between economic 
conditions and the use of illicit drugs other than marijuana, from 2002 to 2015, finding robust evidence 
that economic downturns lead to increases in the intensity of prescription pain reliever use and substance 
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use disorders involving opioids.  
      To the best of my knowledge, the present study is the first that aims to investigate the effect of the 
Great Recession on alcohol consumption and smoking behavior using housing variables as measures of 
macroeconomic conditions instead of other economic variables such as, unemployment and employment 
rates.  
     The Great Recession was triggered by the collapse of U.S. housing market, initially motivated by the 
subprime mortgage market fail, but later also impacting the prime mortgage market as foreclosures 
rapidly spread when jobless families struggled to keep up with their mortgages. (Been et al., 2011). Home 
foreclosures reached historically high levels in the United States from 650,000 in 2007 to a record of 2.9 
million homes in 2010, when one in 45 homes (2.23 percent of all housing units in the U.S.) received at 
least one foreclosure filing during 2010 (Mortgage Bankers Association, 2010). The foreclosure process 
is a significant shock to many households’ wealth and a devastating stressful life event that undermines 
mental health, and whose effects may be exacerbated by high unemployment rates during a recession. 
The foreclosure crisis provides a great opportunity to examine the relationship between financial distress 
and health, not only as a direct mechanism but also by causing changes in health behaviors, which in 
turn can have negative health consequences. Recent research has shown an association between 
foreclosure and worsened mental health (Alley et al, 2011; McLaughlin et al., 2012; Osypuk et al., 2012). 
Currie and Tekin (2015), using quarterly data, suggest that individuals residing in communities that have 
suffered high rates of foreclosure are more likely to seek urgent and scheduled treatment in hospital and 
emergency rooms for a variety of health conditions such as mental health, heart attack and stroke, as well 
as, for other conditions that could be prevented by appropriate care such as hypertension. Houle (2014) 
relies on annual county-level foreclosure rates from RealtyTrac and Behavioral Risk Factor Surveillance 
System individual-level data to investigate the association between rising local foreclosure rates with 
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declines in residents’ mental health. I believe that monthly variation in foreclosure rates allows for a 
more accurate assessment of the housing market crisis impact on health and health behaviors, since it 
represents a more appropriate way to keep track of the housing market dynamics in a context of crisis 
with significantly changing variables. I address this concern by using monthly and county-level public 
data from Zillow, an online real estate database company. Additionally, Zillow data contains two 
additional measures of the housing market bubble, namely Zillow Home Value Index (ZHVI) and median 
home value per square foot. The present study suggests an unexplored approach of assessing economic 
downturns based on the rich information provided in the housing market and their subsequent impact on 
health and health behaviors.  
2.3 Data Description  
 
2.3.1 Datasets and Sample Selection  
 
     I mainly rely on two publicly available data sources to investigate the effects of the Great 
Recession of 2008 on alcohol consumption and smoking behavior of the U.S. population: Behavioral 
Risk Factor Surveillance System individual-level data and Zillow county-level data.  
     The Centers for Disease Control and Prevention’s Behavioral Risk Factor Surveillance System 
(BRFSS) is an on-going health survey system tracking the health conditions and risk behaviors in 
the United States since 1984. The BRFSS is an annual survey that collects comparable information 
across states and time periods for repeated cross sections of individuals. The sample is designed to 
be representative of the civilian noninstitutionalized adult population. The present study focuses on 
the period 2005 through 2012, for which the sample size totals over 3.1 million individuals. 
     Zillow Group, a private real estate enterprise, publishes monthly and county-level information on 
foreclosure rates, median home value per square foot, and Zillow Home Value Index (ZHVI), among 
other measures. In their publicly available files, Zillow Data Services, provides information of 401 
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counties for my complete study period (13 percent of the total number of counties in the United 
States), whose population totals 148 million (47 percent of the U.S. population). The two datasets 
are then merged using the county identifier to create the analytical file. Table 2.1 presents descriptive 
statistics for the outcome variables (alcohol consumption and smoking behavior) and housing shock 
variables (foreclosures rate, depreciation in ZHVI, depreciation in median price). Table 2.2 displays 
descriptive statistics for individual characteristics and county-level variables.  
Table 2.1 Descriptive Statistics (Outcome and Recession Variables)  
 Mean  Standard Deviation  
Outcome Variables   
Alcohol Consumption    
Current Drinker  0.499 0.500 
Binge Drinker  0.233 0.423 
Chronic Drinker 0.097 0.297 
Alcohol Days  6.963 8.818 
Binge Drinking Episodes  0.951 3.311 
Drinks per Month  19.833 28.203 
   
Smoking Behavior    
Current Smoker (def. 1)  0.171 0.376 
Current Smoker (def. 2)  0.242 0.428 
Current Smoker (def. 3) 0.366 0.482 
Smoking Intensity    
Every-day (1)  0.742 0.438 
Some days (0)   
Smoking Status    
Every day  12.07%  
Some days  4.21%  
Former smoker 28.20%  
Never smoker  50.94%  
   
Housing Shock Variables    
Foreclosures Ratio  6.515 8.215 
Depreciation in ZHVI  2.783 17.263 
Depreciation in median Price  2.704 17.233 
Sources: Behavioral Risk Factor Surveillance, Zillow Research, Census data  
Bureau of Labor Statistics, American Nonsmokers' Right 
Foundation   
N=3,175,000 observations   
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Table 2.2 Descriptive Statistics (Individual and County-level Variables)  
 Mean  Standard Deviation  
Individual Characteristics   
Age    
18-29 0.198  
30-39 0.188  
40-49 0.193  
50-59 0.176  
60-69 0.119  
70+ 0.126  
Male  0.486 0.486 
Married 0.576 0.498 
Employed 0.586 0.516 
Income    
<10k 0.057  
[10-15]k  0.054  
[15-20]k 0.074  
[20-25]k 0.089  
[25-35]k 0.112  
[35-50]k 0.145  
[50-75]k 0.163  
>75k 0.306  
Race Recoded   
White  0.676  
Black  0.104  
Asian  0.035  
Hispanic  0.150  
All-other 0.035  
County-level variables   
Beer Tax (real $) 0.129 0.108 
Tobacco Tax (real $) 0.933 0.421 
State Smoke-Free Law Intensity 1.895 1.203 
Number of Substance Abuse Centers 26.576 47.846 
State Unemployment Rate 6.726 2.402 
Total Population Density  1,484.69 4,317.60 
Median Income  55,159.51 13,420.52 
College Ratio 0.343 0.142 
White Population Ratio  0.753 0.165 
Sources: Behavioral Risk Factor Surveillance, Zillow Research, Census data  
Bureau of Labor Statistics, American Nonsmokers' Right Foundation   
BRFSS Sampling Weights    
N=3,175,000 observations   
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2.3.2 Choice of Variables  
 
Outcome variables  
     BRFSS surveys provide an extensive overview of a respondent’s current health, health history, 
and health behaviors. I focus on alcohol consumption and smoking behavior as the domain of 
outcomes in this study. I use six measures of alcohol consumption and five measures of smoking 
behavior. (1) “Current drinker” measures overall alcohol consumption, with any reported use over 
the past month resulting in a value of 1. (2) “Binge drinker” is defined as a binary indicator which 
takes on the value of 1 if the respondent drank 5 or more servings (4 servings for females) of alcohol 
in one occasion during the previous month. (3) “Chronic drinker” is also measured by a binary 
variable for drinking more than 60 alcoholic beverages per month. The percentages of current, binge, 
and chronic drinker in my sample are 49.9, 23.3 and 9.7, respectively. (4) “Alcohol days” is a 
numerical variable that measures the number of days during the past month in which the respondent 
has had at least one drink of any alcoholic beverage. (5) “Binge drinking episodes” provides the 
number of times during the past month the individual has experienced a binge drinking episode. (6) 
“Drinks per month” variable contains the reported number of alcoholic beverages consumed during 
the past 30 days. The average values for these three variables are 6.96 number of days, 0.95 number 
of binge drinking episodes, and 19.83 number of drinks per month. The evidence of alcohol 
consumption during the business cycle is not conclusive. Some previous studies found pro-cyclical 
patterns (Ruhm and Black 2002; Johansson et al. 2006), whereas others do not find any effect 
(Ogwang and Cho 2009, Tekin et al. 2018), or even an increase in alcohol use during bad economic 
times (Cotti et al. 2015)  
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My next set of outcomes is related to smoking behavior. (1) “Current smoker” outcome is an 
indicator variable equal to 1 if the respondent is a current smoker (either because the individual 
smokes every day or some days). Depending on the categories of non-current smokers that are 
considered in the 0 values, I provide three definitions of current smoker in my empirical analysis. 
Definition 1: Former smoker and never smoked categories are included in the non-smoker category. 
Definition 2: Only never smoked category is included in the non-smoker category; former smokers 
are taken as missing values. Definition 3: Only former smoker category is included in the non-smoker 
category; never smokers are considered missing values. The percentages of these three definitions 
are 17.1, 24.2, and 36.6, respectively. I also analyze an (2) intensity variable for smoking, which 
takes on the value of 1 when the respondent reports every day smoking, or 0 when it is just some 
days. 74.2 percent of the individuals in the sample claim to smoke every day and the remaining 25.8 
percent smoke eventually. Lastly, I provide information on the (3) categorical variable smoking 
status: every day (12.07 percent), some days (4.21 percent), former smoker (28.20 percent), never 
smoker (50.94 percent). This variable will be used to provide estimates of an ordered logit model. 
Past studies have shown a smoking pro-cyclicality (Bobak, Jha et al. 2000, Ruhm 2000). However, 
new research evidence suggests that smoking might have shifted from being a normal good to an 
inferior good (Cheng and Kenkel 2010; Kenkel et al. 2014), partially due to the dramatic change in 
tobacco prevalence in the past few decades in the United States.  
Housing Shock Variables  
In order to capture the effect of the recession, I rely on housing market conditions that are measured 
using the three aforementioned variables provided by Zillow Group.  
 Foreclosures rate (per 10,000 homes): Though the foreclosure process varies widely across 
states, it is typically triggered by default of a borrower/owner on loan (usually mortgage) 
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payments and the lender files a public default notice, called a Notice of Default or Lis 
Pendens (suit pending). Failure of the homeowner to settle their debts to the lender, or short 
sell their property, then leads typically to a public auction or sale. It is customary to use total 
foreclosure rate, which includes all foreclosed properties in any stage of the foreclosure 
process divided by the number of households in the county in a given month. The average 
foreclosure rate in our sample is 6.51 per 10,000 homes. Zillow data provides monthly 
information on county-level measure of foreclosure rates. 
 Zillow Home Value Index (ZHVI) for All Homes (SFR, Condo, Co-op) (in dollars): Median 
estimated home value for all homes of these types within a county. This is a smooth, 
seasonally adjusted and dollar-denominated measure of the median estimated home value 
across a given region and housing type. The average ZHVI in our sample is 216,257.9 dollars.  
 Median Zillow Home Value per Square Foot (in dollars): This number is calculated by taking 
the estimated home value for each home in a given location (region) and dividing it by the 
square footage. The average median home value per square feet in our sample is 143.99 
dollars.  
While the median values are good indicators of the health of housing markets, it is the decline in 
those values that more accurately indicates troubles in such markets, since the 2008 Recession caused 
a sharp fall in home values in many communities in the United States. I argue that a decline in home 
values for actions beyond individuals’ control is equivalent to an exogenous negative shock to their 
assets.  
To take into account this volatility, I construct two variables that aim to capture the depreciation in 
their respective values, year 2005 is the reference year.  
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𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑍𝐻𝑉𝐼 𝑤. 𝑟. 𝑡. 2005 𝑣𝑎𝑙𝑢𝑒
=  (1 −
𝑍𝐻𝑉𝐼 𝑖𝑛 𝑐𝑜𝑢𝑛𝑡𝑦 𝑐, 𝑚𝑜𝑛𝑡ℎ 𝑡, 𝑦𝑒𝑎𝑟 𝑇
𝑍𝐻𝑉𝐼 𝑖𝑛 𝑐𝑜𝑢𝑛𝑡𝑦 𝑐, 𝑚𝑜𝑛𝑡ℎ 𝑡, 𝑦𝑒𝑎𝑟 2005
) ∗ 100 (%) 
and  
𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑀𝑒𝑑𝑖𝑎𝑛 𝑃𝑟𝑖𝑐𝑒 𝑤. 𝑟. 𝑡. 2005 𝑣𝑎𝑙𝑢𝑒
= (1 −
𝑀𝑒𝑑𝑖𝑎𝑛 𝑃𝑟𝑖𝑐𝑒 𝑖𝑛 𝑐𝑜𝑢𝑛𝑡𝑦 𝑐, 𝑚𝑜𝑛𝑡ℎ 𝑡, 𝑦𝑒𝑎𝑟 𝑇
𝑀𝑒𝑑𝑖𝑎𝑛 𝑃𝑟𝑖𝑐𝑒 𝑖𝑛 𝑐𝑜𝑢𝑛𝑡𝑦 𝑐, 𝑚𝑜𝑛𝑡ℎ 𝑡, 𝑦𝑒𝑎𝑟 2005
) ∗ 100 (%) 
The way the equations are constructed, with number one subtracting the quotient, a positive value 
indicates a depreciation (in percentage terms). The average values for price depreciation ZHVI and 
price depreciation median during the 2005-2012 period are 2.78 percent and 2.71 percent, 
respectively. Table 2.3, Table 2.4, and Table 2.5 display the average monthly and annual values, of 
foreclosure rates, depreciation in ZHVI, and depreciation in median price, which allow the reader to 
observe the dynamics of the three housing shock variables used in this analysis.  
Table 2.3 Average Foreclosure Rates (January 2005 - December 2012)    
 2005 2006 2007 2008 2009 2010 2011 2012 
January  2.708 2.412 3.515 7.024 7.312 9.573 7.969 7.876 
February  2.639 2.504 3.641 6.809 7.851 9.041 7.441 7.332 
March  2.651 2.455 4.229 6.209 8.465 9.543 8.730 6.615 
April  2.507 2.451 3.945 6.590 7.829 11.054 9.711 6.343 
May  2.318 2.362 4.496 6.439 7.059 10.144 9.105 5.910 
June  2.307 2.537 4.208 7.071 8.801 9.691 8.646 6.032 
July  2.084 2.446 4.200 8.136 7.796 9.974 8.418 5.292 
August  2.151 2.569 4.688 8.424 9.186 10.219 8.993 5.560 
September 2.469 2.537 4.941 7.802 8.873 9.540 9.218 5.166 
October 2.555 2.559 4.928 8.883 9.720 9.613 8.359 5.197 
November 2.287 2.609 5.064 7.889 9.051 8.411 7.397 5.212 
December 2.306 2.925 5.427 8.391 9.273 8.001 7.523 5.358 
Annual Average 2.420 2.535 4.491 7.469 8.512 9.566 8.484 6.025 
Source: Zillow Research (2005-2012)       
Foreclosure rates: number of foreclosed houses per 10,000      
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Table 2.4 Average Price Depreciation ZHVI Values (January 2005 - December 2012) 
 2005 2006 2007 2008 2009 2010 2011 2012 
January  0 -10.926 -15.664 -11.583 -5.136 1.499 2.978 9.369 
February  0 -9.876 -13.540 -10.285 -2.133 3.786 5.661 10.096 
March  0 -9.636 -12.058 -7.364 -0.628 4.312 6.910 9.061 
April  0 -9.087 -10.328 -5.642 -0.011 6.472 9.786 10.152 
May  0 -8.878 -9.290 -3.946 1.453 7.365 10.394 10.763 
June  0 -8.096 -8.652 -2.020 2.321 7.404 11.101 12.298 
July  0 -6.726 -7.073 -1.437 2.993 9.595 12.248 12.698 
August  0 -5.957 -5.954 -0.771 4.996 9.938 14.434 13.690 
September 0 -5.277 -4.288 1.206 5.871 10.332 13.213 12.686 
October 0 -4.631 -2.772 3.031 7.615 12.641 15.602 14.119 
November 0 -3.788 -1.705 4.176 8.038 13.882 15.544 14.834 
December 0 -3.130 -0.468 5.904 8.605 15.327 15.263 14.531 
Annual Average 0 -7.098 -7.350 -2.376 2.834 8.718 11.340 11.979 
Source: Zillow Research (2005-2012)       
Price Depreciation ZHVI is a constructed annual-reverse percentage change of the Zillow Home Value Index on a monthly basis.  




Table 2.5 Average Price Depreciation Median Values (January 2005 - December 2012) 
 2005 2006 2007 2008 2009 2010 2011 2012 
January  0 -10.891 -16.359 -12.500 -5.593 1.581 3.045 9.711 
February  0 -9.924 -14.304 -11.059 -2.232 3.823 5.698 10.089 
March  0 -9.727 -12.650 -8.014 -0.635 4.562 7.097 9.399 
April  0 -9.238 -10.951 -6.312 0.141 6.830 9.982 10.407 
May  0 -9.123 -9.997 -4.699 1.672 7.448 10.409 11.114 
June  0 -8.502 -9.414 -2.750 2.749 7.433 11.141 12.536 
July  0 -7.111 -7.818 -2.232 3.192 9.827 12.494 12.951 
August  0 -6.266 -6.600 -1.360 5.313 10.109 14.558 14.092 
September 0 -5.684 -4.995 0.683 6.060 10.397 13.514 13.038 
October 0 -5.051 -3.363 2.513 7.899 12.874 15.848 14.644 
November 0 -4.271 -2.359 3.669 8.450 14.661 15.481 15.178 
December 0 -3.677 -1.175 5.319 8.663 15.545 15.227 14.973 
Annual Average 0 -7.399 -8.036 -3.041 2.994 8.888 11.469 12.291 
Source: Zillow Research (2005-2012)       
Price Depreciation Median is a constructed annual-reverse percentage change of the median home value per square foot   
on a monthly basis.        
Reverse sign implies that a positive sign indicates a price depreciation.      




     The set of explanatory variables are derived from a combination of economic intuition and 
existing literature. Demographic characteristics include categorical variables indicating gender, 
marital status (married vs. not married), race/ethnicity (White-only, Black-only, Asian-only, 
Hispanic-only, all-other), educational attainment39 (never attended, elementary, some high school, 
high school graduate, some college, college graduate), years of age and its quadratic form (to account 
for non-linearities). Socioeconomic characteristics include a dichotomous variable indicating 
employment status (employed vs. non-employed). BRFSS survey also provides a categorical variable 
indicating respondent’s income categories of: 1) Under $10,000; 2) between $10,000 and $14,999; 
3) between $15,000 and $19,999; 4) between $20,000 and $24,999; 5) between $25,000 and $34,999; 
6) between $35,000 and $49,000; 6) between $50,000 and $74,499, and 7) $75,000 and over. The 
reference group consists of female, not married, white-only, never attended school, non-employed, 
individual whose income is under $10,000. Lastly, I also control for a set of county- level 
characteristics that might potentially influence the outcomes of interest: (1) real taxes on beer and 
tobacco. (2) 100% Smoke-free State laws obtained from the American Nonsmokers’ Right 
Foundation and contain the date the law for 100% Smoke-free non-hospitality workplaces, 100% 
Smoke-free restaurants, and 100% Smoke-free freestanding bars came into effect. Based on this 
information, I construct a Smoke-free State Law Intensity index that ranges from 0 to 3. (3) 
Information on the number of Substance Abuse Centers in each county. (4) State Unemployment 
Rates. (5) A set of county-level demographic variables obtained from Census data, which includes: 
the county total population density, the county median income, the county college ratio defined the 
                                                          
39 We control for formal education as there is abundant evidence that higher schooling attainment leads to both better 
health behavior (Cutler and Lleras-Muney, 2014) and health outcomes (Meara et al. 2008).  
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total population with college degree divided by the total population 25 years and older, and the 
county white ratio defined as the white population divided by the total population.  
Summary statistics of the outcome, housing shock and control variables are displayed in Table 2.1 
and Table 2.2. Samples size differ by outcome variables.  
 
 
2.4 Econometric Framework  
 
     In order to estimate the effects of the Great Recession on the outcomes described above, I use 
several variations of a Linear Probability Model (LPM) that rely on plausible exogenous variations 
in the timing and extent of the housing shock variables across counties. Specifically, I estimate the 
following equation:  
𝐻𝑖𝑐𝑚𝑦 = 𝛼0 + 𝛼1𝑅𝑐𝑚𝑦 + 𝑿𝑖𝑐𝑚𝑦𝛼2 + 𝒁𝑐𝑚𝑦𝛼3 + 𝜇𝑐 + 𝛿𝑚 + 𝛾𝑦 + 𝑖𝑐𝑚𝑦 
Where:  
𝐻𝑖𝑐𝑚𝑦  is one of the outcome measures (alcohol consumption or smoking behavior) for individual i 
living in county c interviewed in month m of year y.  
𝑅𝑐𝑚𝑦 are the county-level housing shocks variables captured by either foreclosure ratio or one of the 
two proportional price depreciation measures indicated before.  
𝑿𝑖𝑐𝑚𝑦 represents a vector of exogenous individual characteristics displayed in Table 2.2.  
𝒁𝑖𝑐𝑚𝑦  represents a vector of county-level characteristics that may confound the effect of the 
recession on the outcome variables, also displayed in Table 2.2.  
The county fixed effects, 𝜇𝑐, control for permanent differences across counties in unobserved 
determinants of substance use outcomes, such as persistent smoking propensities, lifestyles 
associated with weather patterns, etc. The month fixed effects (𝛿𝑚) and the year fixed effects (𝛾𝑦) 
control for secular month- and year-specific trends common to all counties, such as national anti-
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smoking/alcohol public health campaigns. Both time fixed effects allow me to account for 
seasonality.  
The coefficient of interest is 𝛼1 (county-level housing shocks variables) and in the presence of county 
and time (month and year) fixed effects, it is identified from within-county changes in substance use 
outcomes coincident with within-county changes in macroeconomic conditions (measured as 
housing shock variables). My identification strategy is to use the arguably exogenous variations in 
these housing shock variables on individual substance use outcomes, controlling for individual and 
county-level characteristics, and county and time fixed effects, to estimate the effects of the Great 
Recession on alcohol consumption and smoking behaviors. 
The coefficients of the categorical model that corresponds to smoking status are estimated using an 
Ordered Logit Model. These coefficients are only interpreted in terms of sign but not in magnitude.  
All the models are weighted using BRFSS sampling weights and standard errors are corrected for 
clustering at the county-level40 (Bertrand et al., 2004).  
 
2.5 Results  
 
      Table 2.6, Table 2.7, and Table 2.8 display the estimates of the relationship between foreclosure 
rates, depreciation in ZHVI value, and depreciation in median price, respectively, and measures of 
alcohol consumption (Panel A) and smoking behavior (Panel B). The first column corresponds to 
estimates from a specification that only accounts for exogenous individual demographic 
characteristics, as expressed in Matrix X (Model I). The second column displays the estimates that 
add county-level characteristics to the specification (Matrix Z), such as taxes, Smoke-free laws 
intensity variable, state unemployment rate and several variables obtained from Census data (Model 
                                                          
40 Since the variable of interest varies at the county-level.  
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II). The third column includes county fixed effects in the specification (Model III). Lastly, the fourth 
column provides estimates from the most restrictive specification by also considering month and 
year fixed effects (Model IV). Robust standard errors clustered at the county-level are displayed in 
parentheses.  
2.5.1 Alcohol Consumption General Models  
 
Table 2.6 - Panel A provides the estimates of the relationship between foreclosure rates and alcohol 
consumption for the general model. The probability of being a current drinker and the number of 
days during the past month in which the respondent has had at least one drink of any alcoholic 
beverage increase with the foreclosure rates.  
 The coefficient of current drinker is statistically significant (p<0.01) for Model IV and its 
value is 0.0007. An increase of one foreclosure per 10,000 houses is associated with 0.07 
percentage-point increase in the likelihood of being a current drinker. Equivalently, an 8.215 
increase in the number of foreclosure rates (per 10,000 homes) (equivalent to one standard 
deviation) leads to (0.07 x 8.215) 0.575 percentage-point increase in the likelihood of being 
a current drinker (1.15% of the mean).   
 The coefficient of alcohol days is statistically significant (p<0.01) for Model III and its value 
is 0.0320. An increase of one foreclosure per 10,000 houses is associated with a 0.0320 
increase in the number of days in which the respondent has had at least one drink of any 
alcoholic beverage. Equivalently, an 8.215 increase in the number of foreclosure rates (per 
10,000 homes) (equivalent to one standard deviation) leads to (0.0320 x 8.215) 0.2629 
increase in the number of alcohol days (3.77% of the mean).   
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Table 2.6 Estimates of the Relationship Foreclosure Rates and Substance Use (General Model)  
Outcomes  Model I  Model II  Model III  Model IV  
Panel A. Alcohol Consumption      
Current Drinker  -0.0008*** 0.0045*** 0.0045*** 0.0007*** 
 (0.0003) (0.0006) (0.0006) (0.0002) 
Binge Drinker  0.0006*** 0 0.0001 0.0003 
 (0.0001)  (0.0001) (0.0003) (0.0003) 
Chronic Drinker 0.0004*** 0.0004** 0 0 
 (0.0001) (0.0002) (0.0002) (0.0002) 
Alcohol Days  0.0059 0.0431*** 0.0320*** 0.0040 
 (0.0039) (0.0067) (0.0048) (0.0034) 
Binge Drinking Episodes  0.0044*** 0.0032** 0.0019 0.0027 
 (0.0016) (0.0015) (0.0021) (0.0021) 
Drinks per Month  0.0469*** 0.0432*** -0.0015 0.0049 
  (0.0156) (0.0163) (0.0270) (0.0263) 
Panel B. Smoking Behavior      
Current Smoker (def. 1)  -0.0005** 0.0001 0.0003 0.0003 
 (0.0002) (0.0002) (0.0002) (0.0002) 
Current Smoker (def. 2)  -0.0007*** 0.0001 0.0004 0.0004 
 (0.0002) (0.0003) (0.0003) (0.0003) 
Current Smoker (def. 3)  -0.0005* 0.0004 -0.0006 0.0004 
 (0.0003) (0.0003) (0.0004) (0.0004) 
Smoking Intensity  0.0001 0.0005 0.0006 0.0006 
 (0.0004) (0.0004) (0.0005) (0.0005) 
Smoking Status (ordered logit) -0.0032*** 0.0003 0.0008 0.0010 
  (0.0011) (0.0013) (0.0010) (0.0011) 
County-level variables  No  Yes Yes Yes 
County Fixed Effects No  No  Yes Yes 
Month and Year Fixed Effects  No  No  No  Yes 
Monthly county level foreclosure rate per (10,000 houses)    
Standard Errors are corrected for clustering at the county-level  ***p<0.01, **p<0.05, *p<0.1   
Data: BRFSS (2005-2012) and Zillow Group. BRFSS sampling weights.     
 
Table 2.7 - Panel A provides the estimates of the relationship between the depreciation in ZHVI and 
alcohol consumption for the general model. The probabilities of being a current drinker, a binge 
drinker, and chronic drinker decrease with the depreciation in ZHVI (Zillow Index). The number of 
alcohol days and the number of binge drinking episodes also decrease with the depreciation in ZHVI.  
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 The coefficient of current drinker is statistically significant (p<0.05) for Model IV and its 
value is -0.0004. A one percentage point increase in the depreciation of ZHVI is associated 
with 0.04 percentage-point decrease in the likelihood of being a current drinker. Equivalently, 
a 17.263 percentage point increase in the depreciation in ZHVI (equivalent to one standard 
deviation) leads to (0.04 x 17.263) 0.690 percentage-point decrease in the likelihood of being 
a current drinker (1.38% of the mean).   
 The coefficient of binge drinker is statistically significant (p<0.10) for Model IV and its value 
is -0.0003. A one percentage point increase in the depreciation of ZHVI is associated with 
0.03 percentage-point decrease in the likelihood of being a binge drinker. Equivalently, a 
17.263 percentage point increase in the depreciation in ZHVI (equivalent to one standard 
deviation) leads to (0.03 x 17.263) 0.520 percentage-point decrease in the likelihood of being 
a binge drinker (2.23% of the mean).   
 The coefficient of chronic drinker is statistically significant (p<0.10) for Model IV and its 
value is -0.0002. A one percentage point increase in the depreciation of ZHVI is associated 
with 0.02 percentage-point decrease in the likelihood of being a chronic drinker. 
Equivalently, a 17.263 percentage point increase in the depreciation in ZHVI (equivalent to 
one standard deviation) leads to (0.02 x 17.263) 0.340 percentage-point decrease in the 
likelihood of being a chronic drinker (3.50% of the mean).   
 The coefficient of alcohol days is statistically significant (p<0.05) for Model IV and its value 
is -0.0074. A one percentage point increase in the depreciation of ZHVI is associated with a 
0.0074 decrease in the number of days in which the respondent has had at least one drink of 
any alcoholic beverage. Equivalently, a 17.263 percentage point increase (equivalent to one 
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standard deviation) leads to (0.0074 x 17.263) 0.128 decrease in the number of alcohol days 
(1.84% of the mean).   
The coefficient of binge drinking episodes is statistically significant (p<0.05) for Model IV and its 
value is -0.0025. A one percentage point increase in the depreciation of ZHVI is associated with a 
0.0025 decrease in the number of binge drinking episodes. Equivalently, a 17.263 percentage point 
increase (equivalent to one standard deviation) leads to (0.0025 x 17.263) 0.043 decrease in the 
number of binge drinking episodes (4.52% of the mean).   
Table 2.7 Estimates of the Relationship Depreciation in ZHVI and Substance Use (General Model) 
Outcomes  Model I  Model II  Model III  Model IV  
Panel A. Alcohol Consumption     
Current Drinker  -0.0033*** -0.0018*** -0.0034*** -0.0004** 
 (0.0002) (0.0003) (0.0005) (0.0002) 
Binge Drinker  0.0003*** 0.0002* 0 -0.0003* 
 (0.0001) (0.0001) (0.0001) (0.0001) 
Chronic Drinker 0.0001** 0.0002** 0 -0.0002* 
 (0.0001) (0.0001) (0.0001) (0.0001) 
Alcohol Days  -0.0169*** -0.0078*** -0.0257*** -0.0074** 
 (0.0019) (0.0030) (0.0038) (0.0029) 
Binge Drinking Episodes  0.0015*** 0.0013* -0.0012 -0.0025** 
 (0.0006) (0.0008) (0.0011) (0.0012) 
Drinks per Month  0.0221*** 0.0256*** 0.0051 -0.0127 
  (0.0057) (0.0076) (0.0102) (0.0116) 
Panel B. Smoking Behavior      
Current Smoker (def. 1)  -0.0004*** 0 -0.0003*** -0.0002** 
 (0.0001) (0.0001) (0.0001) (0.0001) 
Current Smoker (def. 2)  -0.0004*** 0.0001 -0.0004*** -0.0002* 
 (0.0001)  (0.0001) (0.0001) (0.0001) 
Current Smoker (def. 3)  -0.0006*** -0.0001 -0.0008*** -0.0004** 
 (0.0001) (0.0001) (0.0001) (0.0002) 
Smoking Intensity  -0.0004*** 0.0001 -0.0001 0 
 (0.0001) (0.0001) (0.0002) (0.0003) 
Smoking Status (ordered logit) -0.0013** 0.0011** -0.0016*** -0.0005 
  (0.0005)  (0.0006) (0.0004) (0.0005)  
County-level variables  No  Yes Yes Yes 
County Fixed Effects No  No  Yes Yes 
Month and Year Fixed Effects  No  No  No Yes 
Price depreciation ZHVI: Constructed annual reverse percentage change of the Zillow Home    
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Value Index on a monthly basis.      
Standard Errors are corrected for clustering at the county-level  ***p<0.01, **p<0.05, *p<0.1   
Data: BRFSS (2005-2012) and Zillow Group. BRFSS sampling weights    
 
Table 2.8 - Panel A provides the estimates of the relationship between the depreciation in the median 
price and alcohol consumption for the general model. The probabilities of being a binge drinker and 
chronic drinker decrease with the depreciation in the median price. The number of alcohol days and 
the number of binge drinking episodes also decrease with the depreciation in the median price. 
  The coefficient of binge drinker is statistically significant (p<0.10) for Model IV and its 
value is -0.0003. A one percentage point increase in the depreciation of the median price is 
associated with 0.03 percentage-point decrease in the likelihood of being a binge drinker. 
Equivalently, a 17.233 percentage point increase in the depreciation of the median price 
(equivalent to one standard deviation) leads to (0.03 x 17.233) 0.52 percentage-point decrease 
in the likelihood of being a binge drinker (2.23% of the mean).   
 The coefficient of chronic drinker is statistically significant (p<0.10) for Model IV and its 
value is -0.0002. A one percentage point increase in the depreciation of the median price is 
associated with 0.02 percentage-point decrease in the likelihood of being a chronic drinker. 
Equivalently, a 17.233 percentage point increase in the depreciation of the median price 
(equivalent to one standard deviation) leads to (0.02 x 17.233) 0.340 percentage-point 
decrease in the likelihood of being a chronic drinker (3.51% of the mean).   
 The coefficient of alcohol days is statistically significant (p<0.05) for Model IV and its value 
is -0.0066. A one percentage point increase in the depreciation of the median price is 
associated with a 0.0066 decrease in the number of days in which the respondent has had at 
least one drink of any alcoholic beverage. Equivalently, a 17.233 percentage point increase 
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(equivalent to one standard deviation) leads to (0.0066 x 17.233) 0.110 decrease in the 
number of alcohol days (1.58% of the mean).   
 The coefficient of binge drinking episodes is statistically significant (p<0.05) for Model IV 
and its value is -0.0029. A one percentage point increase in the depreciation of the median 
price is associated with a 0.0029 decrease in the number of binge drinking episodes. 
Equivalently, a 17.2633 percentage point increase (equivalent to one standard deviation) 
leads to (0.0029 x 17.233) 0.05 decrease in the number of binge drinking episodes (5.25% of 
the mean).   
 
Table 2.8 Estimates of the Relationship Depreciation in Median Price and Substance Use (General 
Model) 
Outcomes  Model I  Model II  Model III  Model IV  
Panel A. Alcohol Consumption     
Current Drinker  -0.0033*** -0.0019*** -0.0033*** -0.0003 
 (0.0002) (0.0003) (0.0005) (0.0002) 
Binge Drinker  0.0003*** 0.0002** 0 -0.0003* 
 (0.0001) (0.0001) (0.0001) (0.0001) 
Chronic Drinker 0.0002** 0.0002*** 0 -0.0002* 
 (0.0001) (0.0001) (0.0001) (0.0001) 
Alcohol Days  -0.0173*** -0.0084*** -0.0248*** -0.0066** 
 (0.0019) (0.0029) (0.0038) (0.0028) 
Binge Drinking Episodes  0.0016*** 0.0014* -0.0013 -0.0029** 
 (0.0005) (0.0008) (0.0010) (0.0012) 
Drinks per Month  0.0234*** 0.0271*** 0.0046 -0.0152 
  (0.0058) (0.0076) (0.0099) (0.0114) 
Panel B. Smoking Behavior      
Current Smoker (def. 1)  -0.0004*** 0 -0.0003*** -0.0002** 
 (0.0001) (0.0001) (0.0001) (0.0001) 
Current Smoker (def. 2)  -0.0004*** 0 -0.0004*** -0.0002** 
 (0.0001) (0.0001) (0.0001) (0.0001) 
Current Smoker (def. 3)  -0.0006*** -0.0001 -0.0008*** -0.0004** 
 (0.0001) (0.0001) (0.0001) (0.0002) 
Smoking Intensity  -0.0004*** 0 -0.0002 -0.0001 
 (0.0001) (0.0002) (0.0002) (0.0002) 
Smoking Status (ordered logit) -0.0013*** 0.0008 -0.0018*** -0.0007 
  (0.0005) (0.0006) (0.0004) (0.0005) 
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County-level variables  No  Yes Yes Yes 
County Fixed Effects No  No  Yes Yes 
Month and Year Fixed Effects  No  No  No Yes 
Price depreciation Median Price: Constructed annual reverse percentage change of the median home  
value per square foot on a monthly basis.      
Standard Errors are corrected for clustering at the county-level  ***p<0.01, **p<0.05, *p<0.1   
Data: BRFSS (2005-2012) and Zillow Group. BRFSS sampling weights    
 
 
2.5.2 Smoking Behavior General Models  
 
Table 2.6 - Panel B provides the estimates of the relationship between foreclosure rates and smoking 
behavior for the general model. No statistically significant effect is perceived in any of the smoking 
behavior models where foreclosure rates is used as a measure of economic downturn.  
Table 2.7 & Table 2.8 - Panel B provides the estimates of the relationship between the depreciation 
in ZHVI and depreciation in the median price, respectively, and smoking behavior for the general 
model. The probability of being a current smoker (regardless of how it is defined) decreases with 
both depreciation in ZHVI and depreciation in the median price.  
 The coefficient of current smoker (def.3) is statistically significant (p<0.05) for Model IV 
and its value is -0.0004. A one percentage point increase in the depreciation of ZHVI is 
associated with 0.04 percentage-point decrease in the likelihood of being a current smoker. 
Equivalently, a 17.263 percentage point increase in the depreciation in ZHVI (equivalent to 
one standard deviation) leads to (0.04 x 17.263) 0.690 percentage-point decrease in the 
likelihood of being a current smoker (1.68% of the mean).   
In summary:  
 An increase in foreclosure rates (worsened economic conditions) is associated with an 
increase in the probability of being a current drinker only.  
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 An increase in the depreciation in ZHVI or in median price (worsened economic conditions) 
is associated with a decrease in the probabilities of being a current drinker, a binge drinker, 
a chronic drinker, a current smoker, and a decrease in the number of days in which the 
respondent has had any alcoholic drink, as well as, a decrease in the number of binge drinking 
episodes.  
The effects of the Great Recession through foreclosure rates appear to be much weaker and in 
opposite direction to the effect of the depreciations. It seems that increasing foreclosure rates might 
have a stressful component that foster individuals to become drinkers, whereas measuring the 
economic conditions through the depreciation approach leads to income effect interpretation.  
 
2.5.3 Gender Analysis  
 
Table 2.9, Table 2.10, and Table 2.11 provide the estimates of the relationships between alcohol 
consumption and smoking behavior with foreclosure rates, depreciation in ZHVI and in median 
price, respectively, disaggregated by gender.  
 The perceived positive effect on alcohol days in the general model using foreclosure rates 
seems to be driven by females only (0.0073).  
 The observed negative effects in the general model of the depreciation in ZHVI and 
depreciation in median price on the probabilities of being a current drinker and a binge 
drinker along with the number of binge drinking episodes seem to be explained by females 
only.  
 There are no statistically significant effects observed in any of the smoking behavior models 
when both time effects and county-level effects are taken into account.  
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Table 2.9 Estimates of the Relationship Foreclosure Rates and Substance Use (By Gender) 
 Males Females 
Outcomes  Model III  Model IV  Model III  Model IV  
Panel A. Alcohol Consumption      
Current Drinker  0.0040*** 0.0007*** 0.0049*** 0.0007*** 
 (0.0006) (0.0002) (0.0006) (0.0002) 
Binge Drinker  0.0002 0.0002 -0.0003 0.0002 
 (0.0004) (0.0004) (0.0003) (0.0003) 
Chronic Drinker -0.0001 -0.0002 0.0001 0.0002 
 (0.0004) (0.0004) (0.0002) (0.0002) 
Alcohol Days  0.0332*** 0.0003 0.0302*** 0.0073* 
 (0.0062) (0.0051) (0.0054) (0.0043) 
Binge Drinking Episodes  0.0018 0.0025 0.0013 0.0019 
 (0.0037) (0.0036) (0.0018) (0.0020) 
Drinks per Month  -0.0210 -0.0251 0.0187 0.0332 
  (0.0462) (0.0452) (0.0213) (0.0213) 
Panel B. Smoking Behavior      
Current Smoker (def. 1)  0.0004 0.0004 0.0002* 0.0003* 
 (0.0004) (0.0004) (0.0001) (0.0002) 
Current Smoker (def. 2)  0.0005 0.0005 0.0003 0.0004* 
 (0.0005) (0.0005) (0.0002) (0.0002) 
Current Smoker (def. 3)  -0.0010* 0.0004 -0.0002 0.0006* 
 (0.0005) (0.0006) (0.0003) (0.0003) 
Smoking Intensity  0.0005 0.0005 0.0009 0.0009 
 (0.0007) (0.0008) (0.0007) (0.0006) 
Smoking Status (ordered logit) 0.0018 0.0019 -0.0003 0.0002 
  (0.0015) (0.0016) (0.0009) (0.0010) 
County-level variables  Yes Yes Yes Yes 
County Fixed Effects Yes Yes Yes Yes 
Month and Year Fixed Effects  No  Yes No  Yes 
Monthly county level foreclosure rate per (10,000 houses)     
Standard Errors are corrected for clustering at the county-level  ***p<0.01, **p<0.05, *p<0.1   
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Table 2.10 Estimates of the Relationship Depreciation in ZHVI and Substance Use (By Gender) 
 Males Females 
Outcomes  Model III  Model IV  Model III  Model IV  
Panel A. Alcohol Consumption      
Current Drinker  -0.0028*** -0.0002 -0.0041*** -0.0007*** 
 (0.0004) (0.0002) (0.0005) (0.0002) 
Binge Drinker  0.0002 -0.0001 -0.0003* -0.0004*** 
 (0.0002) (0.0002) (0.0001) (0.0002) 
Chronic Drinker 0 -0.0002 0 -0.0001 
 (0.0001) (0.0002) (0.0001) (0.0001) 
Alcohol Days  -0.0282*** -0.0090** -0.0230*** -0.0053** 
 (0.0047) (0.0041) (0.0035) (0.0025) 
Binge Drinking Episodes  -0.0012 -0.0028 -0.0016 -0.0025** 
 (0.0017) (0.0019) (0.0011) (0.0012) 
Drinks per Month  0.0080 -0.0183 -0.0013 -0.0077 
  (0.0154) (0.0188) (0.0083) (0.0090) 
Panel B. Smoking Behavior      
Current Smoker (def. 1)  -0.0004*** -0.0003** -0.0002* 0 
 (0.0001) (0.0001) (0.0001) (0.0001) 
Current Smoker (def. 2)  -0.0006*** -0.0004*** -0.0002* 0 
 (0.0002) (0.0002) (0.0001) (0.0001) 
Current Smoker (def. 3)  -0.0011*** -0.0005** -0.0005*** -0.0002 
 (0.0002) (0.0002) (0.0001) (0.0002) 
Smoking Intensity  -0.0003 -0.0002 0 0.0002 
 (0.0004) (0.0004) (0.0003) (0.0003) 
Smoking Status (ordered logit) -0.0022*** -0.0011 -0.0011** 0.0001 
  (0.0006) (0.0007) (0.0005) (0.0006) 
County-level variables  Yes Yes Yes Yes 
County Fixed Effects Yes Yes Yes Yes 
Month and Year Fixed Effects  No Yes No Yes 
Price depreciation ZHVI: Constructed annual reverse percentage change of the Zillow Home    
Value Index on a monthly basis.      
Standard Errors are corrected for clustering at the county-level  ***p<0.01, **p<0.05, *p<0.1   










Table 2.11 Estimates of the Relationship Depreciation in Median Price and Substance Use (By Gender) 
 Males Females 
Outcomes  Model III  Model IV  Model III  Model IV  
Panel A. Alcohol Consumption      
Current Drinker  -0.0027*** -0.0001 -0.0039*** -0.0005** 
 (0.0004) (0.0002) (0.0005) (0.0002) 
Binge Drinker  0.0001 -0.0002 -0.0002 -0.0004** 
 (0.0002) (0.0002) (0.0001) (0.0002) 
Chronic Drinker 0 -0.0003 0 -0.0001 
 (0.0001) (0.0002) (0.0001) (0.0001) 
Alcohol Days  -0.0278*** -0.0086** -0.0217*** -0.0040 
 (0.0046) (0.0039) (0.0035) (0.0024) 
Binge Drinking Episodes  -0.0015 -0.0035* -0.0014 -0.0023** 
 (0.0016) (0.0019) (0.0010) (0.0012) 
Drinks per Month  0.0049 -0.0243 0.0019 -0.0052 
  (0.0147) (0.0180) (0.0082) (0.0092) 
Panel B. Smoking Behavior      
Current Smoker (def. 1)  -0.0005*** -0.0004*** -0.0002** 0 
 (0.0001)  (0.0001) (0.0001) (0.0001) 
Current Smoker (def. 2)  -0.0006*** -0.0004** -0.0002** 0 
 (0.0002) (0.0002) (0.0001) (0.0001) 
Current Smoker (def. 3)  -0.0011*** -0.0005** -0.0005*** -0.0002 
 (0.0001) (0.0002) (0.0001) (0.0002) 
Smoking Intensity  -0.0003 -0.0002 0 0.0001 
 (0.0004) (0.0004) (0.0003) (0.0003) 
Smoking Status (ordered logit) -0.0023*** -0.0013* -0.0013** -0.0001 
  (0.0006) (0.0007) (0.0005) (0.0006) 
County-level variables  Yes Yes Yes Yes 
County Fixed Effects Yes Yes Yes Yes 
Month and Year Fixed Effects  No Yes No Yes 
Price depreciation Median Price: Constructed annual reverse percentage change of the median home   
value per square foot on a monthly basis.      
Standard Errors are corrected for clustering at the county-level  ***p<0.01, **p<0.05, *p<0.1   
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2.5.4 Ownership Analysis  
 
Table 2.12, Table 2.13, and Table 2.14 provide the estimates of the relationships between alcohol 
consumption and smoking behavior with foreclosure rates, depreciation in ZHVI and in median 
price, respectively, disaggregated by ownership status (owners versus renters).  
 The probability of being a binge drinker decreases with foreclosure rates for renters                (-
0.0019), but no effect is perceived for owners. 
 The probability of being a chronic drinker and the number of drinks per month decreases with 
foreclosure rates for owners (-0.0008, -0.0891), but no effect is perceived for renters.  
 The probability of being a current smoker increases with foreclosure rates for renters 
(0.0020), but no effect is perceived for owners.  
 The number of binge drinking episodes decreases with depreciation in ZHVI for owners   (-
0.0077), but no effect is perceived for renters.    
Renters have less likelihood of becoming a binge drinker and more likelihood of becoming a current 
smoker. On the other hand, owners have less likelihood of becoming a chronic drinker and reduce 
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Table 2.12 Estimates of the Relationship Foreclosure Rates and Substance Use (By Ownership) 
 Owners Renters 
Outcomes  Model III  Model IV  Model III  Model IV  
Panel A. Alcohol Consumption      
Current Drinker  -0.0003 0.0007 -0.0002 0.0004 
 (0.0006) (0.0005) (0.0010) (0.0010) 
Binge Drinker  0.0001 0.0003 -0.0019* -0.0019* 
 (0.0011) (0.0011) (0.0011) (0.0011) 
Chronic Drinker -0.0009** -0.0008* 0.0011 0.0010 
 (0.0004) (0.0005) (0.0009) (0.0009) 
Alcohol Days  -0.0048 0.0043 0.0136 0.0182 
 (0.0070) (0.0068) (0.0145) (0.0140) 
Binge Drinking Episodes  -0.0018 -0.0009 0.0067 0.0050 
 (0.0050) (0.0050) (0.0127) (0.0126) 
Drinks per Month  -0.0902** -0.0891** 0.0959 0.0877 
  (0.0418) (0.0422) (0.0865) (0.0865) 
Panel B. Smoking Behavior      
Current Smoker (def. 1)  -0.0002 -0.0002 0.0019*** 0.0020*** 
 (0.0007) (0.0007) (0.0007) (0.0007) 
Current Smoker (def. 2)  -0.0002 -0.0002 0.0019** 0.0019** 
 (0.0010) (0.0010) (0.0009) (0.0009) 
Current Smoker (def. 3)  -0.0001 -0.0005 0.0015* 0.0020** 
 (0.0004) (0.0007) (0.0008) (0.0010) 
Smoking Intensity  0.0031** 0.0028** -0.0023 -0.0025* 
 (0.0014) (0.0014) (0.0015) (0.0015) 
Smoking Status (ordered logit) 0.0006 0.0004 0.0071* 0.0071* 
  (0.0041) (0.0042) (0.0038) (0.0038) 
County-level variables  Yes Yes Yes Yes 
County Fixed Effects Yes Yes Yes Yes 
Month and Year Fixed Effects  No Yes No Yes 
Monthly county level foreclosure rate per (10,000 houses)     
Standard Errors are corrected for clustering at the county-level  ***p<0.01, **p<0.05, *p<0.1   
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Table 2.13 Estimates of the Relationship Depreciation in ZHVI and Substance Use (By Ownership) 
 Owners Renters 
Outcomes  Model III  Model IV  Model III  Model IV  
Panel A. Alcohol Consumption      
Current Drinker  -0.0028*** -0.0006 -0.0017 -0.0007 
 (0.0010) (0.0006) (0.0016) (0.0010) 
Binge Drinker  0.0002 -0.0005 0.0008 0.0001 
 (0.0004) (0.0007) (0.0008) (0.0011) 
Chronic Drinker 0.0007** 0.0002 0.0005 -0.0009 
 (0.0003) (0.0004) (0.0008) (0.0008) 
Alcohol Days  -0.0056 -0.0002 -0.0011 -0.0130 
 (0.0078) (0.0083) (0.0099) (0.0133) 
Binge Drinking Episodes  -0.0017 -0.0077* 0.0071 0.0021 
 (0.0032) (0.0044) (0.0088) (0.0104) 
Drinks per Month  0.0607** -0.0044 0.1069* 0.0312 
  (0.0260) (0.0381) (0.0624) (0.0752) 
Panel B. Smoking Behavior      
Current Smoker (def. 1)  0.0003 0.0002 0 0.0002 
 (0.0003) (0.0004) (0.0006) (0.0007) 
Current Smoker (def. 2)  0.0004 0.0002 -0.0001 0.0002 
 (0.0004) (0.0005) (0.0007) (0.0008) 
Current Smoker (def. 3)  0.0002 -0.0003 0.0006 0.0008 
 (0.0005) (0.0007) (0.0008) (0.0012) 
Smoking Intensity  0.0003 0.0001 0.0017 0.0007 
 (0.0010) (0.0012) (0.0017) (0.0016) 
Smoking Status (ordered logit) 0.0020 0.0042* -0.0012 -0.0005 
  (0.0018) (0.0024) (0.0026) (0.0035) 
County-level variables  Yes Yes Yes Yes 
County Fixed Effects Yes Yes Yes Yes 
Month and Year Fixed Effects  No Yes No Yes 
Price depreciation ZHVI: Constructed annual reverse percentage change of the Zillow Home    
Value Index on a monthly basis.      
Standard Errors are corrected for clustering at the county-level  ***p<0.01, **p<0.05, *p<0.1   
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Table 2.14 Estimates of the Relationship Depreciation in Median Price and Substance Use (By 
Ownership) 
 Owners Renters 
Outcomes  Model III  Model IV  Model III  Model IV  
Panel A. Alcohol Consumption     
Current Drinker  -0.0025*** -0.0004 -0.0012 -0.0001 
 (0.0009) (0.0006) (0.0014) (0.0010) 
Binge Drinker  0.0001 -0.0006 0.0007 0.0001 
 (0.0004) (0.0006) (0.0008) (0.0013) 
Chronic Drinker 0.0006** 0.0001 0.0006 -0.0008 
 (0.0003) (0.0004) (0.0007) (0.0009) 
Alcohol Days  -0.0049 0.0006 0.0032 -0.0060 
 (0.0076) (0.0084) (0.0088) (0.0129) 
Binge Drinking Episodes  -0.0018 -0.0075 0.0067 0.0045 
 (0.0034) (0.0046) (0.0084) (0.0107) 
Drinks per Month  0.0572** -0.0030 0.1119* 0.0520 
  (0.0258) (0.0378) (0.0618) (0.0869) 
Panel B. Smoking Behavior     
Current Smoker (def. 1)  0.0003 0.0002 0.0002 0.0008 
 (0.0003) (0.0004) (0.0006) (0.0007) 
Current Smoker (def. 2)  0.0004 0.0002 0 0.0005 
 (0.0004) (0.0005) (0.0006) (0.0008) 
Current Smoker (def. 3)  0.0004 -0.0003 0.0008 0.0026** 
 (0.0005) (0.0008) (0.0008) (0.0012) 
Smoking Intensity  0 -0.0001 0.0013 -0.0001 
 (0.0010) (0.0012) (0.0017) (0.0016) 
Smoking Status (ordered logit) 0.0016 0.0035 -0.0012 -0.0001 
  (0.0018) (0.0023) (0.0026) (0.0037) 
County-level variables  Yes Yes Yes Yes 
County Fixed Effects Yes Yes Yes Yes 
Month Year Fixed Effects  No Yes No Yes 
Price depreciation Median Price: Constructed annual reverse percentage change of the median home  
value per square foot on a monthly basis.     
Standard Errors are corrected for clustering at the county-level  ***p<0.01, **p<0.05, *p<0.1  
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2.6 Conclusions  
 
     In this chapter, I have examined the effects of the Great Recession on alcohol consumption and 
smoking behavior using individual monthly data from the BRFSS and monthly county-level home 
price and foreclosure data from Zillow research, between 2005 and 2012.  
    My results provide some support for the notion that weaker economic conditions measured as 
higher foreclosure rates is positively associated with the probability of becoming a current drinker. 
On the contrary, if the worsened economic conditions are measured by an increase in the depreciation 
of house prices (ZHVI and median price), the Great Recession leads to a decrease in the probabilities 
of being a current drinker, a binge drinker, a chronic drinker, a current smoker, and a decrease in the 
number of days in which in which the respondent has had at least one alcoholic intake, as well as, a 
decrease in the number of binge drinking episodes.  Females seem to explain a great deal of the 
previous results upon disaggregating the analysis by gender. The disaggregation of ownership status 
between renters and owners also yield some differences in results, but not a clear pattern.  
     The effects of the Great Recession through foreclosure rates appear to be much weaker and, more 
importantly, in opposite direction to the effect of the depreciations. It seems that increasing 
foreclosure rates might have a stressful component that allure individuals to become drinkers, 
whereas measuring the economic conditions through the depreciation approach leads to income 
effect interpretation. These findings are in contrast to those obtained by Teikin et al. (2018), using 
BRFSS but state unemployment and employment rates as measures for economic fluctuations. 
Therefore, this study might contribute to generate more controversial to the existing scientific 
literature on this topic.  
     The study comes with several caveats. Although the Great Recession was officially over by 2012, 
the sample could not be extended to more recent years, since BRFSS stopped reporting county-level 
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information in their 2013 public data.  Additionally, it is important to note that housing market in 
some counties is disperse and diverse implying a single median (or average) price may not be 
representative for the entire county. It might be more appropriate to conduct the analyses using a 
within-county measure of dispersion, instead. Zillow enterprise, however, does not provide these 
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